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Foreword . 
The Ohio State University Department of Ani-
mal Sciences has a rich tradition and has made 
many contributions to food-animal agriculture in 
the state of Ohio and beyond. With the dramatic 
changes that are occurring in all segments of food-
animal agriculture, we are challenged to be at the 
cutting edge to best serve society. 
The department is in the process of developing 
a strategic plan to shape the areas of extension/ 
outreach/ engagement, research, and teaching on 
which the department will focus in the future. The 
department has accomplished much in the strate-
gic planning that has already been performed. 
Working with the Animal Sciences Visionary Team, 
composed of faculty members and industrial part-
ners, however, we will finalize our strategic plan. 
Without question, there will be continued focus in 
this department on production efficiency of food 
animals (cattle, pigs, poultry, and sheep). Other 
areas that the department is giving strong consid-
eration to are socially responsible and environmen-
tally compatible food-animal management, safety 
and quality of food-animal products, and under-
standing the regulation of genes to help in con-
trolling the efficiency of production and the qual-
ity and safety of the products that we harvest from 
food-producing animals. Our department is in the 
process of hiring faculty members to pursue some 
of these new areas of study. Indeed, we in land-
grant institutions are facing the same challenges 
that the production segments of agriculture are 
facing - we need to make wise changes in order 
to maintain our productivity and efficiency. We 
also need to remain flexible, so that we can con-
tinue to make changes in the future to best serve 
our stakeholders. The extent to which we continue 
to serve as we have in the past and to what extent 
we focus on new areas will be the primary goal of 
the Animal Sciences Visionary Team. New faces 
will continue to appear in the Research and Reviews, 
along with changes in the descriptions of the ac-
tivities of existing faculty so that we can make the 
changes to better serve our stakeholders. 
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A question we are frequently asked is to what 
extent do we intend to expand the scope of the 
Department of Animal Sciences beyond food-
animal production. We have had programs in the 
equine science area for several years and plans are 
to continue this program. To what extent we ex-
pand into other areas, whether it be new areas of 
food-animal production or other areas such as 
companion animal sciences, will be a topic of dis-
cussion by our Animal Sciences Visionary Team. 
Regardless of the programs on which we choose 
to focus or expand, significant changes will be oc-
curring in the Department of Animal Sciences at 
The Ohio State University. Whatever we do in 
changing the department, we want to have a pro-
gram that is very strong in educating the many 
students who choose our department to pursue 
their education. Several of the new faculty mem-
bers will focus on serving students. We believe that 
if we have faculty who are dedicated to providing 
high-quality educational opportunities to our stu-
dents that we will continue to have a strong stu-
dent body in the Department of Animal Sciences 
at The Ohio State University. 
My first two months at Ohio State have been 
very stimulating. I am enjoying working with the 
faculty and staff and having more students on cam-
pus for the academic year. My focus will continue 
to be on the faculty and the staff members of this 
department because, in order to serve our students 
and stakeholders in an efficient and effective fash-
ion, we must have faculty and staff members who 
are functioning in an effective and efficient man-
ner. My secondary focus is on leading the Animal 
Science Building Initiative to develop facilities that 
are of similar quality to those of our neighboring 
land-grant institutions. I look forward to working 
with the citizens in the state of Ohio in our educa-
tional and building initiatives. 
James E. Kinder 
Chair 
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F. R. Allaire, Professor, Columbus. Offers a capstone 
course where students, working in teams, learn to manage change 
that serves a client's vision. Works with the Agroecosystems 
Management Program to inform and facilitate knowledge man-
agement networks to support farmers in their pursuit of systemic 
change in their respective enterprises and communities. Works to 
have animals add value to community life and land. 
W. L. Bacon, Professor, Wooster. Dr. Bacon's main research 
focus is avian reproduction. The effects of environmental lighting 
on semen quality and quantity, and the control of 
photorefractoryness in the male turkey are being studied. The 
effects of environmental lighting on circulating hormones at the 
initiation of photostimulation, and the ovarian-pituitary relation-
ship during the ovulatory surge in the female turkey are also being 
studied. In female Japanese quail, the effect of yolk precursor 
lipoprotein concentration on lipid composition of the precursor, 
and metabolic rate of the precursor is determined. 
S. L. Boyles, Associate Professor, Columbus. Dr. Boyles is 
responsible for the state beef cattle education outreach program. 
His Extension program includes coordinating the activities of the 
OSU Extension Beef Team and conducting local education work-
shops. Dr. Boyles' research program emphasizes improved forage 
utilization through grazing strategies and hay storage systems. Dr. 
Boyles also is working with commodity organizations on improv-
ing beef cattle marketing programs. 
M. E. Davis, Professor, Columbus. Dr. Davis' teaching 
duties include: Data Analysis and Interpretation for Decision 
Making (AS 260), Principles of Animal Improvement (AS 320), 
Research Methods in Animal Genetics I and II (AS 820.02 and 
820.04). Research responsibilities include genetics research with 
the beef herd at the Eastern Ohio Resource Development Center 
and emphasize studies of postweaning feed conversion, twinning, 
selection for IGF-I, and marker I QTL associations for growth and 
body composition in beef cattle. Dr. Davis also is Director of the 
Animal Genetics Lab, which conducts blood and NA typing for 
parentage verification for several of the major beef cattle breed 
associations. 
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M. L. Day, Associate Professor, Columbus. Dr. Day's research 
program in reproductive physiology emphasizes the study of pube1ty, 
postpartum reproduction, and estrous synchronization in cattle. He 
teaches the Beef Production and Management and Introductory Animal 
Sciences courses and advanced reproduction for graduate students. He 
serves as Faculty Supervisor of the OSU Beef Center. 
B. A. Dehority, Professor, Wooster. Dr. Dehority's teaching 
responsibilities include a course in Rumen Microbiology taught every 
other year during the summer quarter at Wooster, and he advises graduate 
students. His research interests are in the area of rumen microbiology, 
including the role of fungi in the rumen, development of MPN proce-
dures for counting rumen bacteria and fungi, the isolation and character-
ization of rumen bacteria responsible for the breakdown of forage 
structural carbohydrates, factors affecting protozoal numbers, and 
specificity of gastrointestinal protozoa, as well as various other specific 
studies in rumen microbiology. 
M. L. Eastridge, Professor, Columbus. Dr. Eastridge has 
Extension and research responsibilities in dairy cattle nutrition and 
serves as the Coordinator of the Extension Program in Animal Sciences 
and faculty supervisor for the Waterman dairy facility in Columbus. He 
conducts educational programs in the area of nutrition. Research includes 
the impact of fats and feed additives on animal performance and milk 
composition, and study of optimum fiber in diets for lactating cows. 
Teaching responsibilities include advising graduate students and co-
teaching and serving as leader for an applied dairy nutrition course 
designed primarily for veterinary students. 
J. L. Firkins, Associate Professor, Columbus. Dr. Firkins' 
research activities include evaluation of by-products as fiber sources and 
fat and protein sources for dairy cattle. He studies how these feeds and 
feeding combinations affect the site of nutrient digestion and efficiency 
of microbial protein synthesis in the rumen of cattle. Dr. Firkins teaches 
AS 330, Principles of Animal Nutrition; AS 530, Comparative Animal 
Nutrition; and AS 730.02, Research Techniques in Animal Nutrition. 
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F. L. Fluharty, Research Scientist, Wooster. Dr. Fluhaity's 
responsibilities include conducting research in beef cattle and sheep 
nutrition. His primary research areas are determining the effects of 
energy and protein intake on animal growth and carcass composition and 
the nutritional requirements of stressed feeder calves. His research 
includes work with ruminal microbiology and digestion, as well as cattle 
and sheep performance studies. He currently is conducting research to 
determine the effects of nutrition and genetics on animal growth and 
meat tenderness and the effects of early-weaning beef calves on subse-
quent feedlot performance and carcass composition. He also teaches AS 
540 (Feedlot Management). 
J. S. Hogan, Associate Professor, Wooster. Dr. Hogan's re-
search is in the area of bovine mastitis: hygiene procedures to reduce 
bovine intramammary infection; relationships among normal and transit 
teat skin bacterial flora; and milk quality enhancement. He also conducts 
research relative to the development of a mastitis vaccine, and he teaches 
the undergraduate lactation course. 
K. M. Irvin, Professor, Columbus. Dr. Irvin's research focuses 
on swine genetics. Primary consideration is made to the combination of 
population genetics and molecular genetics. Teaching responsibilities 
include Principles of Genetic Improvement; Application of Genetic 
Improvement to Swine; Population Genetics I and II; Advanced Swine 
Production; Current Issues in Animal Sciences, Capstone and Third 
Writing Course; Seminars; Independent Studies; and Internships. Exten-
sion functions include presentations, allied industry and producer interac-
tions. 
C. Johnston, Professor, Wooster. Dr. Johnston's research 
interests are in the areas of modification of non-milk ingredients for 
inclusion in milk replacers for cattle and sheep, and dietary macromo-
lecular absorption by cattle and sheep. 
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J. E. Kinder, Professor and Chair, Columbus. Dr. Kinder, 
along with the Associate Chair, Dr. Joy Pate, provides the leader-
ship for administering the various programs in the Department of 
Animal Sciences. Dr. Kinder also supervises graduate students 
and conducts research in the area of hormonal regulation of the 
reproductive function. The focus of his research program is on 
hormonal regulation of sexual maturation and the reproductive 
cycle of cattle. He also has an active research program in develop-
ing practical technologies to control reproductive cycles of cattle. 
R. C. Kline, Associate Professor, Columbus. Dr. Kline's 
responsibilities include teaching the horse courses: AS 201, AS 271, 
and AS 541. His Extension activities include conducting eleven 
state-wide events each year for the 4-H Program, writing horse 
materials for both youth and adult programs, and answering the 
daily requests for information from the horse industry. He over-
sees the University horse herd and its use for classes and research. 
Present research involves equine behavior and reproductive 
physiology in horses. 
C. L. Knipe, Associate Professor, Columbus. Primary 
responsibilities include processed meat extension activities for the 
Ohio meat industry. He is also involved in research and teaching 
and has a joint appointment with the Department of Food Science 
and Technology. In addition to providing technical assistance to 
small and large companies, within Ohio and nationwide, his 
extension activities have focused on Hazard Analysis and Critical 
Control Point (HACCP) training and implementation assistance 
for Ohio meat plants. Dr. Knipe's research interests are identifica-
tion of processing methods which optimize the functional quality 
of pork, identification of processing procedures which limit shelf-
life and/ or safety of meat products, including shelf-life determi-
nation of such products, and maximizing the functionality of 
high-collagen meat raw materials. He advises graduate students 
in Meat Science and teaches Animal Science 550 (Meat Process-
ing). 
J. D . Latshaw, Professor, Columbus. Dr. Latshaw's teach-
ing responsibilities include an introductory course in animal 
nutrition and one in poultry science. Also, he teaches half of the 
second nutrition course and half of a course combining nutrition 
and physiology in support of reproduction. His research interests 
include documenting all nutrient deficiencies and excesses in 
broiler chicks and examining the use of energy by birds. 
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M. S. Lilburn, Associate Professor, Wooster. Dr. Lilburn's 
research focuses on different aspects of avian nutrition and avian 
embryonic development. His teaching responsibilities are AS 
830.05, a graduate vitamins course, and AS 830.03, a graduate 
course in proteins. Dr. Lilburn also advises students on the gradu-
ate level. 
S. C. Loerch, Professor, Wooster. Dr. Loerch' s primary 
research responsibility is in beef cattle nutrition, including effects 
of controlling intake on feedlot performance and proportion of 
carcass lean and fat, use of extended grazing and corn as alterna-
tive feeds for wintering beef cows, and nutritional strategies for 
stressed feeder calves. He supervises the OARDC Beef Center and 
the cow herd at the North Appalachian Experimental Watershed 
Branch in Coshocton. He teaches an undergraduate practical 
nutrition course and a graduate-level advanced ruminant nutri-
tion course. 
D. C. Mahan, Professor, Columbus. Dr. Mahan's research 
responsibilities involve evaluating the nutritional requirements 
and feeding programs of swine at various stages of production, 
with primary emphasis on the sow and weanling pig. Nutritional 
areas of investigation include vitamin E and selenium, sodium 
and chloride requirements of young pigs, dietary protein and 
energy levels for the gestating and lactating sow, and the evalua-
tion of carbohydrate and energy sources for the weanling pig. He 
teaches undergraduate courses in Animal Growth and Develop-
ment and Feeds and Feeding and a graduate course in Mineral 
Nutrition. 
K. E. McClure, Assistant Professor, Wooster. Dr. 
McClure's research interest is ruminant nutrition with emphasis 
on forage utilization. Research efforts include grazing experiments 
with legumes and cool-season grasses using lambs. The objective 
is meat production that maximizes lean and minimizes fat for 
health-conscious consumers. Strategies that involve grazing and/ 
or comparative supplemental energy, protein, vitamins, and 
minerals that are adaptable to the sheep enterprise are a primary 
objective. Emphasis is also directed to the use of the corn plant 
and other forages in the basal diet of the ewe flock and breeding 
rams to economically meet their nutritional requirements. Exten-
sion participation includes phone consultations, forage-related 
farm visits, and meeting with producer groups. 
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D. L. Meeker, Associate Professor, Columbus. Dr. 
Meeker's primary responsibilities are in Extension, although he is 
also involved in research and teaching. He is Coordinator of the 
Ohio Pork Industry Center, which coordinates expertise from 
various disciplines to facilitate the profitable and environmentally 
responsible production of wholesome pork. The Center is an 
outreach activity of OSU Extension. Dr. Meeker' s research inter-
ests include swine genetics, particularly genetic effects on muscle 
quality. He teaches Animal Sciences 643, Advanced Swine Produc-
tion. 
S. J. Moeller, Assistant Professor, Columbus. Dr. 
Moeller's Extension responsibilities include swine production, 
management, and genetics/breeding. He works as co-leader of the 
OSU Swine Educators Team to assist with in-service training and 
development of comprehensive statewide educational and tech-
nology transfer programs important to the Ohio swine industry. 
His primary research interests are in swine genetics and produc-
tion management strategies. Teaching responsibilities include 
Swine Production and Advanced Swine Production. 
F. V. Muir, Professor, Wooster. Dr. Muir's primary out-
reach interests are in the areas of the management of layers and 
broilers, especially the application of computers in the production 
of eggs and poultry meat. The use of computers to integrate egg 
production or growth data, feed consumption, poultry house 
environment, feed formulation, and record keeping are important 
considerations in remaining competitive. Course responsibility -
Commercial Poultry Management. 
K. E. Nestor, Professor, Wooster. Dr. Nestor's research 
interests include population genetics of turkeys and Japanese 
quail, genetics of disease resistance in the turkey, genetic relation-
ships between growth and reproduction, and genetics of leg 
strength in the turkey. He advises graduate students and is host to 
several visiting scholars. Dr. Nestor is a Fellow of the Poultry 
Science Association and a member of Gamma Sigma Delta. 
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H. W. Ockerman, Professor, Columbus. Dr. Ockerman' s 
teaching responsibilities include Advanced Meat Technology, 
Laboratory Analysis of Meat Products, Quality Control Interpreta-
tion, Global Food and Agriculture, Food in International Agricul-
ture, and Meat Science Seminars, as well as internships and 
individual studies. He is also involved in international education. 
His research programs include biochemistry, microbiology, pro-
cessing, quality, food safety, shelf life, and economics of muscle 
tissue from slaughter to consumption in all species. Extension 
duties include short courses, consulting, legal evaluation, and 
trouble-shooting industry concerns. 
J. S. Ottobre, Professor, Columbus. Dr. Ottobre's research 
is in the area of reproductive physiology. The primary focus of 
this research is the regulation of the function of the corpus lu-
teum. He teaches Introductory Animal Science, Reproductive 
PhysiologYt and Advanced Reproductive Physiology. Dr. Ottobre 
has a joint appointment in the Department of Physiology in the 
College of Medicine. 
D. L. Palmquist, Professor, Wooster. Dr. Palmquist's 
research is in the area of dairy cattle nutrition, including digestive 
physiology and nutrient utilization of high-energy diets, espe-
cially fats, and regulation of milk synthesis and composition. He 
teaches graduate courses in ruminant nutrition. 
J. L. Pate, Professor and Associate Chair, Wooster. Dr. 
Pate is a reproductive physiologist specializing in the area of 
corpus luteum function. Primary research interests focus on the 
regulation of luteolysis, prostaglandin production by the corpus 
luteum, the interactions between the immune system and the 
reproductive system, and nutritional I metabolic effects on fertility. 
She teaches Physiology of Reproduction and Advanced Repro-
ductive Endocrinology. 
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W. F. Pope, Professor, Columbus. Dr. Pope's primary 
research interests are in embryonic mortality in swine. Secondary 
investigations are examining factors affecting fertilization, estrous 
cycle control, uterine secretions, and isoforms of the estradiol 
receptor. His teaching responsibilities include the core physiology 
course (310) and reproductive physiology (410). Extension duties 
include working closely with commercial sheep producers 
through field days and site visits. 
F. L. Schanbacher, Professor, Wooster. Dr. Schanbacher' s 
research interests are in the areas of physiology, biochemistry, and 
molecular biology of bovine mammary development and milk 
protein synthesis. Studies are focused at whole animal, cellular, 
and molecular biology levels for synthesis and secretion of milk 
protein, mammary cellular growth and development, and growth 
regulation. He teaches the advanced course in Physiology of 
Lactation. 
K. L. Smith, Professor, Wooster. Dr. Smith's research is in 
the area of diagnosis, therapy, and control of bovine mastitis in 
dairy herds; natural factors of disease resistance associated with 
the bovine mammary gland; and environmental and nutritional 
factors associated with increased mastitis in dairy herds. He 
advises numerous M.S. and Ph.D. students. 
P. W. Spike, Associate Professor, Columbus. Dr. Spike has 
appointments in Extension and teaching, including Extension 
responsibilities in youth work (4-H and FFA), genetics, and man-
agement. His teaching duties include dairy cattle evaluation, dairy 
herd management, and dairy farm management. He also coaches 
the dairy cattle judging teams and advises the Buckeye Dairy 
Club. 
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N. R. St-Pierre, Associate Professor, Columbus. Dr. St-
Pierre specializes in the area of dairy farm management. Research 
interest is in the control function of management. Ongoing re-
search projects are focused on quantitative methods for evaluating 
animal systems (production, reproduction, and mammary health); 
the value of milk urea nitrogen (MUN) as a nutrition management 
tool; reduction of nitrogen excretion by dairy cows and feed cost 
optimization and nutritional economics; and production risks and 
risk management for dairy farms. Extension programs focus on 
three inter-dependent areas: long-term strategic planning of dairy 
enterprises; production and financial benchmarks for evaluating 
short-, medium-, and long-term results; and nutritional manage-
ment, herd structure, and cost control. 
T. B. Turner, Assistant Professor, Columbus. Dr. Turner's 
primary research interest is beef cow performance, including milk 
production, preweaning calf performance, age at weaning, and 
matching feed resources to calving and weaning management. 
His teaching responsibilities include Introductory Animal Sci-
ences, Livestock Selection and Evaluation, and Applied Beef 
Cattle Genetics, and he coaches the Intercollegiate Livestock 
Selection and Evaluation Team. Extension responsibilities include 
programs in beef cattle genetic improvement and in livestock 
selection and evaluation. He also advises undergraduate and 
graduate students. 
S. G. Velleman, Assistant Professor, Wooster. Dr. 
Velleman' s research focuses on how the extracellular matrix 
influences skeletal muscle growth and function. She teaches AS 
618, Early Embryonic Development in Support of Tissue Growth, 
Structure, and Function. 
W. P. Weiss, Professor, Wooster. Dr. Weiss' research is in 
the area of forage utilization, feed evaluation, and nutritional 
factors affecting cow health. Extension duties include working 
with the Ohio Dairy Ration Program and teaching dairy nutrition 
short courses. 
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M. P. Wick, Assistant Professor, Columbus. Dr. Wick's 
research focuses on the role of sarcomeric proteins in the mechanisms 
controlling skeletal muscle growth and development and meat quality. 
Teaching responsibilities include AS 355.01, Principles of Meat Science; 
AS 620, Applied Animal Molecular Genetics; and AS 868, Molecular 
Biology Techniques. 
L.B. Willett, Professor, Wooster. Dr. Willett's research inter-
ests are in the area of food, feed, and animal safety, which is the study of 
the movement and effects of hazardous or toxic materials in food-
producing animals. He also studies the physiological adaptive changes 
that occur in calves immediately after birth. His teaching responsibilities 
are in the graduate toxicology courses, and he advises graduate students 
in physiology and toxicology. Dr. Willett also advises independent study 
students in a collaborative effort with the College of Wooster. 
D. L. Zartman, Professor, Columbus. Dr. Zartman's areas of 
interest and expertise include biotelemetry to improve animal perfor-
mance through increased physiological data for improved decision 
making or through modification of cellular processes. He advocates 
intensive grazing and seasonal dairying research and also works in 
genetics, cell culture, and reproductive physiology. Classes taught 
include animal welfare/rights issues and management intensive grazing. 
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The Relationship 
of the Sarcotneric Architecture 
to Meat Tenderness 
M. Wick 1 and N. G. Marriott 2 
The Ohio State University Department of Animal Sciences 
Abstract 
Researchers continue to study the muscle cell 
to elucidate its role in meat tenderness. An in-
creased knowledge of sarcomere architecture is 
essential to understanding the relationship of this 
contractile unit to muscle growth and develop-
ment and ultimately meat tenderness. The central 
event in growth and development of the muscle 
cell is the precise assembly of the sarcomere, a 
highly ordered and complex array of numerous 
proteins. The biological mechanisms controlling 
the organization of the sarcomere have been ex-
tensively studied. This review, excerpted from an 
invited review article submitted to 1999 Recent 
Research Advances in Food and Agricultural Chemis-
try, will discuss the major components in the sar-
comere with an emphasis on those components 
thought to contribute significantly to meat tender-
ness. 
Introduction 
Animal protein excels in palatability, amino-acid 
balance, and biological value; it is an important 
nutritional source sought by developed, develop-
ing, and undeveloped countries. The harvesting 
1 For more information, contact at: The Ohio State Univer-
sity, 230A Plumb Hall, 2027 Coffey Road, Columbus, OH 
43210, 614-292-7516, fax 614-292-7116, e-mail: 
wick.13@osu.edu 
2 Department of Food Science and Technology, Virginia 
Polytechnic Institute and State University, Blacksburg, 
Virginia 24061 
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of meat animals with less subcutaneous, intermus-
cular, and intramuscular fat has necessitated the 
simultaneous production of more tender muscu-
lature, since fat reduction can decrease texture and 
lubrication during mastication with a resultant 
perception of decreased tenderness. This produc-
tion change has necessitated a more thorough 
knowledge of postmortem changes that occur dur-
ing the conversion of muscle to meat. Furthermore, 
an understanding of muscle growth and develop-
ment is crucial to the efficient production of meat 
animals for a growing world population that de-
sires a supply of palatable and nutritious protein. 
Knowledge of sarcomeric architecture is essential 
to understanding the relationship of this basic con-
tractile unit of the cell to muscle growth, develop-
ment, and meat tenderness. 
Scientists and consumers both recognize that 
tenderness is one of the most important sensory 
attributes of meat. The meat industry has re-
sponded to consumer desire for tenderness using 
a variety of techniques including aging, electrical 
stimulation, mechanical, chemical, and enzymatic 
tenderization of muscle. Physiologists, muscle-cell 
biologists, and biochemists continue to investigate 
the muscle cell to learn more about tenderness 
indices. In addition, the central event in the growth 
and development of the muscle cell is the accu-
mulation of the constituent proteins of the 
sarcomere. 
The Sarcomere 
Knowledge of effects of the structural and regu-
latory proteins of the sarcomere on the physical 
properties of meat is important to tenderness de-
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terminants. These proteins can affect the amount 
of muscle contraction and sarcomere length, and 
the structures that they comprise vary in the sus-
ceptibility to proteolytic degradation, which ulti-
mately affects tenderness. This review addresses 
our current understanding of the role of myofibril-
lar and cytoskeletal proteins in the sarcomere on 
meat tenderness and quality. 
Each skeletal muscle cell is a filamentous, multi-
nucleated structure composed of up to 1,000 fibers 
termed myofibrils. The sarcomere, the basic con-
tractile unit of muscle (Figure 1), is that portion of 
the myofibril between two adjacent Z-disks. Photo-
micrographs suggest that striated muscle sarco-
meres are composed of a highly ordered array of 
two sets of filaments, thin filaments anchored at 
one end in a structure, the Z-disk, and interdigi-
tating thick filaments (Squire, 1997). The Z-disk is 
the boundary for the sarcomere and is oriented per-
pendicular to the thin filaments and the long axis 
of the myofibril. The thin filaments of the sarcom-
ere, composing the I-band, are isotropic; i.e., they 
do not refract birefringent light. The thick filaments 
Myofibril Myofibril 
; Regula~ry protei,; comtlexes ·~ ~' ·. ' . ~Cln 
F-actin 
Thick filament 
Figure 1. Schematic relating the biochemical 
components to the microscopic structure of muscle 
tissue. The ultrastructure of the sarcomere showing the 
myofibrillar composition of muscle segment between 
two Z-bands. 
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called A-bands are anisotropic and refract bire-
fringent light (McCormick, 1994). The A-bands are 
bipolar and possess projections, heads that bind 
to actin along either end of the filament. 
The center of the A-band, the "bare-zone," con-
tains a zone free of these projections. The M-line, 
composed of many "myosin-binding proteins," bi-
sects the bare zone perpendicular to the axis of the 
sarcomere. The lightly stained zones in the center 
of the sarcomere, where the thick and thin fila-
ments do not overlap when the sarcomeres are in 
the relaxed state, are the H-zones. That portion of 
the H-zone free of thin filaments in the I-band 
when the sarcomere is fully shortened during con-
traction is the pseudo-H-zone. Oriented parallel 
to the Z-disk within the I-band are faint appear-
ing N-lines. A cross section orientation of the sar-
comere reveals various patterns of actin, myosin, 
or actin and myosin filaments . In addition to myo-
fibrillar proteins, the sarcomere contains a third 
filament system consisting of cytoskeletal proteins 
that provide lateral and longitudinal support that 
stabilize the contractile apparatus of the muscle 
cell, discussed later. 
Myosin Structure 
Sarcomeric myosin is an asymmetric molecule, 
160 nm in length and 2 to 10 nm wide. Myosin is 
composed of two 220 kDa heavy chains (MyHCs) 
and four light chains (LCs) ranging from 17 kDa 
to 22 kDa (Lowey and Risby, 1971 ). The entire 
molecule is approximately 160 nm in length. The 
heavy chains interact to form two distinct domains; 
a pair of low-salt-soluble globular heads (Sl), 15 
nm long and 9 nm wide, and a low-salt-insoluble 
a-helical coiled-coil rod domain. The rod domain 
is approximately 150 nm long and 2 nm in diam-
eter and is composed of the C-terminal 1100 amino 
acids of the MyHC. The myosin rod is a two-
stranded coiled-coil motif characterized by two 
parallel amphipathic a-helical chains that are inter-
twined into a left-handed superhelix termed an a-
helical coiled-coil (Mclachlan and Karn, 1982; 
Crick, 1953) 
The globular head or S-1 domain of the MyHC 
is an actin-activated ATPase responsible for 
myosin's molecular motor function. Based on X-
ray crystallographic analysis (Rayment et al., 1995), 
the three-dimensional structure of the S-1 was de-
termined and a significant revision to our under-
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standing of the mechanisms of muscle contraction 
was proposed (Rayment, 1996). 
The C-terminus of the MyHC contains amino-
acid sequence elements responsible for the unique 
solubility and assembly properties of myosin. Fur-
thermore, sequence elements in the C-terminus 
contribute to the association of a family of myo-
sin-binding proteins (MyBPs). These proteins, 
along with titin, contribute to the proper assem-
bly of the thick filament. An understanding of 
these elements will increase our knowledge of the 
mechanisms controlling muscle growth and devel-
opment. 
Location 
Myosin, the most abundant protein in muscle, 
plays the predominant functional role in many 
aspects of muscle growth, development, force gen-
eration, and tenderness. Recent studies employ-
ing molecular genetic techniques have increased 
our understanding of the contribution of both the 
N-terminal and the C-terminal sequences in the 
sarcomeric muscle MyHC to myosin's unique 
functions. Elucidation of myosin' s structure I func-
tion relationship will contribute not only to tech-
nologies that will enable the future production of 
high-quality processed-meat products but also to 
an understanding of the biological mechanisms 
involved in muscle growth, development, and 
meat tenderness. 
Myosin is a protein possessing multiple func-
tions integral to muscle contraction, force genera-
tion, muscle development, and production of high-
quality processed meats. These functions include 
Mg++_ATPase activity, molecular motor activity, 
actin binding, differential salt solubility, thick fila-
ment assembly, and intermolecular interactions 
with constituent proteins in the sarcomere. 
Myosin is expressed as a series of developmen-
tally regulated and tissue-specific isoforms or pro-
teins with almost identical structures (Taylor and 
Bandman, 1989; Gordon and Lowey, 1992; 
Bandman et al., 1982; Tidyman, 1996; Moore et al., 
1992). Different muscles are composed of differ-
ent proportions of muscle-fiber types. The differ-
ential accretion of certain myosin isoforms in spe-
cific muscle fiber types is well-documented (Rosser 
et al., 1997; Rosser et al. , 1998; Schiaffino and 
Salviati, 1997). The functional diversity of myosin 
isoforms is not understood completely. However, 
ijifjrnif 1Mtji!.!1@(1i!j Department of Animal Sciences 21 
the tenderness and the functionality of meat have 
been correlated with the proportion of muscle fi-
ber type (Xiong, 1994). 
Tenderness 
Although the degree of overlap between the 
thick and thin filaments (Figure 1) contributes sig-
nificantly to the tenderness of meat, it is the enzy-
matic degradation of proteins in the Z-band which 
contributes most significantly to the tenderness of 
meat. The mechanism of muscle tenderization is 
not completely understood. Sarcomeres in post-
mortem muscle that have been aged show disrup-
tion of the I-band that is believed to contribute to 
the tenderization of meat. Calpains, calcium acti-
vated proteases, are believed to play a role in the 
proteolysis of the I-band. In vitro calpains demon-
strate specificity for myosin. However, little or nor 
enzymatic degradation of myosin is known to oc-
cur in vivo in postmortem muscle. 
Actin 
Actin, the predominant protein of the thin fila-
ment, along with actin-binding proteins have been 
identified in organisms across the evolutionary 
spectrum. The actomyosin complex that forms 
soon after death is the major contributing feature 
of rigor mortis. It is the resolution of rigor that 
contributes to meat tenderness. However, the acto-
myosin complex is not broken during normal post-
mortem tenderization or aging. It has not been 
possible to crystallize the actomyosin complex. 
However, high-resolution electron microscopy has 
demonstrated that the actomyosin rigor interface 
is extensive, involving interaction of a single myo-
sin head with regions on two adjacent actin mono-
mers. A number of hydrophobic residues on the 
opposing faces of actin and myosin contribute to 
the main binding site. This site is flanked on three 
sides by charged myosin surface loops that form 
predominantly ionic interactions with adjacent 
regions of actin. Hydrogen bonding is likely to play 
a significant role in actin-actin and actin-myosin 
interactions since many of the contacts involve 
loops (Milligan, 1996). 
The Z-Disk 
Z-disks are the boundaries of the sarcomere and 
aid in maintaining the sarcomere in register in the 
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myofibril. They serve as an anchoring plane of the 
thin actin filaments; they link titin and actin fila-
ments from opposing sarcomere halves in a lattice 
connected by a-actinin and contain desmin. Titin, 
the most abundant and largest muscle cytoskeletal 
protein, occurs in thin elastic filaments that run 
parallel to the thick and thin filaments of the sar-
comere. Nebulin, another cytoskeletal protein, ap-
pears to run parallel to and in close association 
with the thin filaments. Desmin, a small cyto-
skeletal protein occurs within and between Z-disks 
of adjacent sarcomeres to maintain lateral associa-
tion between sarcomeres. Studies employing pro-
tein interaction analysis demonstrate that two 
types of titin interactions are involved in the as-
sembly of a-actinin into the Z-disk. These scien-
tists indicated that titin interacts by means of a 
single binding site with the two central spectrin-
like repeats of the outermost pair of cx-actinin mole-
cules. Spectrin, a cytoskeletal protein composed 
of a series of repetitive protein motifs, plays a role 
in maintaining the bi-concave disk morphology of 
red blood cells. Another function that occurs 
within the central Z-disk is the interaction of titin 
with multiple a-actinin molecules by means of 
their C-terminal domains. This activity permits the 
assembly of a complex of titin, actin, and a-actinin 
in vitro with constraint of the path of titin in the Z-
disk likely (Young et al., 1998). Actin filaments from 
adjacent sarcomeres are anchored in the Z-disk of 
striated muscles. Each filament overlaps with four 
filaments from the opposite sarcomere, forming a 
square lattice that is cross-connected in a zigzag 
pattern by Z-filaments that appear to consist of a-
actinin (Luther et al., 1996). 
Young et al. (Young et al. , 1998) postulated that 
if titin acted as a regulator for Z-disk assembly, 
the central Z-disk region of the molecule should 
contain binding sites for other sarcomeric proteins. 
This hypothesis is supported by the knowledge 
that native titin binds to cx-actinin (Jeng and S. M. 
Wang, 1992). In fact, others (Turnacioglu et al., 
1996) reported that recombinant fragments of Z-
disk titin bind to a-actinin. 
The binding of titin to the C-terminal domain 
of a-actinin appears not to be the only protein in-
teraction that controls the sarcomeric sorting of the 
molecule (Young et al., 1998). These workers sug-
gest that a second Z-disk specific binding site can 
be predicted from these observations, which 
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should be important for the proper orientation of 
the Z-disk. They identified this second binding site 
of cx-actinin as an interaction between the spectrin-
like repeats and a single site of ti tin. Furthermore, 
they demonstrated that the central Z-repeats of 
titin can interact equally with the C-terminal do-
main of cx-actinin, similar to the flanking repeats. 
The assembly of complexes of titin, cx-actinin, and 
actin in vivo are controlled by these interactions. 
Young and co-workers combined these observa-
tions with ultrastructural data on the position 
of the N-terminus of titin and the C-terminus 
of nebulin to develop a molecular model of titin, 
actin, and cx-actinin within the Z-disk. This model 
will be the foundation for studies to more fully 
understand the architecture of the sarcomere 
(Young et al., 1998). 
Regulatory Proteins 
Muscle contraction is controlled by the action 
of a complex of regulatory proteins. In striated 
muscle, the thin filament consists largely of actin 
and the actin-binding proteins tropomyosin (Tm) 
and the troponin (Tn) complex (TnI, TnC, and 
TnT). The thin filament is responsible for mediat-
ing Ca2+ control of muscle contraction and relax-
ation both antemortem and postmortem. Contrac-
tion is initiated by the elevation of the intracellu-
lar Ca2+ concentration. Employing EPR and ST-EPR 
spectroscopy Li et al. proposed that the binding of 
Ca2+ to TnC induces a series of conformational 
changes, which ultimately release the inhibition 
of the actomyosin ATPase activity by TnI (Li et al., 
1997). In the absence of Ca2+ binding to troponin 
C, TM blocks the site of filamentous actin respon-
sible for binding myosin. 
Tm is a small polypeptide, (284 amino acids), 
depending on the particular isoform, and dimer-
izes to form a head-to-tail coiled-coil structure that 
lies in the major groove of the actin filament. The 
placement of the Tm dimer is consistent with one 
of its important roles, which is to help mediate 
cooperativity of Ca2+ activation along the length 
of the myofilament (Solaro and Rarick, 1998). On 
skeletal muscle thin filaments (Miki et al. , 1998), 
one Tm covers seven actin monomers. Tm is a rigid 
rod-shaped protein that binds along the length of 
the actin filament and is intimately associated with 
Tnl. Employing in vitro nanomanipulation, inves-
tigators were able to directly measure the stiffness 
1999 Research and Reviews 
of single actin filaments with and without the pres-
ence of Tm and showed that Tm both stabilizes 
and stiffens the thin filament (Kojima et al., 1994). 
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of the Sarcotneric Myosin 
Heavy Chain 
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Abstract 
Meat is the edible muscle tissue of animals. The 
sarcomere is the fundamental functional unit of 
muscle. Growth and development of muscle is the 
result of the highly ordered accretion and assem-
bly of the constituent proteins in the sarcomere. 
Primary amino acid sequence elements of the con-
stitutive proteins carry the information necessary 
for determining the final architecture of the sar-
comere. The mechanisms by which the constitu-
tive proteins are assembled and function together 
to form the sarcomere and produce muscle con-
traction is just now beginning to be understood. 
The predominant protein in the sarcomere, 
found in the thick filament system, is myosin. In 
physiological buffers, purified myosin spontane-
ously assembles into a synthetic thick filament 
with a dramatic resemblance to the native thick 
filament. Some of the amino-acid-sequence ele-
ments contributing to myosin's assembly proper-
ties may also be critical to myosin' s solubility func-
tions that are so crucial to the manufacture of high-
quality prepared-meat products. This paper, writ-
ten in August 1998, was presented to the sympo-
sium on cell biology at the 56th Annual Meeting 
of the Poultry Science Association, The Pennsyl-
vania State University, and summarizes recent ex-
perimental results contributing to our understand-
ing of the mechanism of sarcomeric muscle myo-
sin assembly. 
1 For more information, contact at: The Ohio State Univer-
sity, 230A Plumb Hall, 2027 Coffey Road, Columbus, OH 
43210, 614-292-7516, fax 614-292-7116, e-mail: 
wick.13@osu .edu 
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Introduction 
Striated muscle is found in all animal groups 
from coelenterates through vertebrates and com-
prises 80% or more of all muscular tissue 
(Hickmand, 1970). Muscle comprises nearly 40% 
of the body mass of most animals. Figure 1 dia-
grams the salient features of skeletal muscle cellu-
lar organization. Skeletal muscle is made of elon-
gated cells or myofibers specialized for contrac-
tion. Each myofiber is approximately 100 µm thick 
and contains up to 1,000 myofibrils, each about 1 
to 2 µm thick. In striated or skeletal muscle tissue, 
myofibrils display a pattern of alternating light (I) 
and dark (A) bands. The striations arise as a result 
of the packing arrangement of the filament sys-
tems in the sarcomere. 
The sarcomere is the basic contractile unit of 
skeletal muscle and is defined as that portion of 
the myofibril between two Z-disks. Viewed in two 
dimensions, the sarcomere consists of two sets of 
filaments, thick and thin. Thin filaments are com-
posed of filamentous actin (F-actin), each anchored 
at one end in perpendicularly aligned Z-disks. 
Associated with the thin filaments are the proteins 
of the contractile regulation system, tropomyosin 
(Tm) and troponin (TnI, TnT & TnC), and the giant 
proteins, titin and nebulin, reviewed elsewhere 
(Moos et al., 1995). Interdigitating between the thin 
filaments are bipolar thick filaments, composed 
almost entirely of the fibrous contractile protein 
myosin. The fine structure of the A-band and of 
the various myosin-binding and other filament-
binding proteins of native thick filaments is re 
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Ziegler, P. T. (1953) The 
Meat We Eat 4th Ed. pp. 
255. The Interstate Print-
ers & Publishers, Danville, 
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Figure 1. Schematic relating the biochemical 
components to the microscopic structure of muscle 
tissue. (A) Cross section of muscle and (B) a 
longitudinal view of a muscle fiber showing the striated 
pattern of muscle cells. (C) The ultrastructure of the 
sarcomere. (D) Magnified view of thick and thin 
filaments and their associated filament system. 
viewed elsewhere (Davis, 1988a; Sjostrom and 
Squire, 1977; Seiler et al., 1996). 
Myosin 
Sarcomeric myosins belong to the Type II class 
of myosin proteins that contain an ex-helical coiled-
coil rod domain that is involved in the assembly 
of bipolar thick native and synthetic filaments 
(Goodson and Spudich, 1993; Cheney et al., 1993). 
Myosin is a relatively large protein with a molecu-
lar mass of about 520 kDa (Figure 2). Each myosin 
molecule is composed of two 220 kDa heavy chains 
(MyHCs) and four light chains (LCs ), ranging from 
17 kDa to 22 kDa (Lowey and Risby, 1971). The 
entire molecule is approximately 160 nm in length 
and 2 nm in diameter. The heavy chains interact 
to form two distinct domains: a pair of globular 
heads (Sl) 15 nm long and 9 nm wide and ex-heli-
cal coiled-coil rod domain. The rod domain is ap-
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proximately 150 nm long and 2 nm in diameter 
and is composed of the C-terminal 1100 amino 
acids of the MyHC. The myosin rod is a two-
stranded coiled-coil motif characterized by two 
parallel amphipathic ex-helical chains, which inter-
twine around each other into a left-handed super-
helix (McLachlan and Karn, 1982; Crick, 1953). 
(A) 
a.helical coiled-coil rod 
LM 
M 
Functional Domains 
(B)~ 
Heavy Meromyosin (HMM) 
(C)~ 
Light Meromyosin (LMM) 
Myosin 
Low salt soluble 
Low salt jnsoluble 
Figure 2. Schematic representation of a sarcomeric 
myosin molecule. (A) Myosin, a 520-kDa hexameric 
molecule, is shown along with the common 
proteolytic fragments, (B) the low-salt soluble heavy 
meromyosin (HMM), and (C) the low-salt insoluble 
130 kDa light meromyosin (LMM). 
Structure I function studies on myosin were 
greatly aided by the discovery that proteolytic 
enzymes, such as chymotrypsin, trypsin, and sub-
tilisin, cleave myosin into well-defined, high mo-
lecular weight fragments (Mihalyi and Szent-
Gyorgyi, 1953). Hydrodynamic and electron 
microscope studies demonstrated that trypsin, 
chymotrypsin, and subtilisin cleavage occurs pre-
dominantly within the rod domain approximately 
80 nm from the C-terminus, generating two frag-
ments. The larger fragment, termed heavy mero-
myosin (HMM), has a molecular weight of 140 
kDa, is soluble in low ionic strength buffers, con-
tains the Sl motor domain which is associated with 
the light chains, has ATPase activity, and binds 
actin. The 3-D structure of the Sl has recently been 
determined by X-ray crystallography. Based on this 
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structure a major update in the mechanism of force 
generation has been proposed. 
The smaller fragment, termed light meromyo-
sin (LMM), has a molecular weight of 80 kDa, is 
composed of the C-terminal two-thirds of the rod 
domain, and confers the solubility and aggrega-
tion properties to the MyHC. The LMM has been 
shown to form paracrystalline structures at low 
ionic strength buffers (Strzelecka-Golaszewska 
et al., 1985; Harrison et al., 1971; Chowrashi and 
Pepe, 1977; Atkinson and Stewart, 1991b). Each 
mole of MyHC associates with 2 moles of light 
chains (Baba et al., 1984; Collins, 1976; Margossian 
et al., 1983). 
MyHC Rod Domain 
The information necessary for myosin' s assem-
bly functions is carried in the unique repetitive 
primary sequence elements of the long a-helical 
coiled-coil rod domain. The rod consists of two 
right hand a-helical coils that intertwine around 
-- .. 
(A) 
~ - -
(B) 
Figure 3. (A) Helical wheel representation of the a-
helical coiled-coil motif of the myosin rod. The view is 
from the N-terminus of the rod domain the heptad 
positions labeled a through g. (B) Vertical 
representation of a-helical coiled-coil, 2 heptads. 
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one another forming a left-handed coiled-coil char-
acteristics of the side-chain residues of the amino 
acids in the primary sequence are repeated every 
28 amino acids. Each repeat is composed of 4 
seven-amino-acids clusters, called heptads, in 
which the side-chain residues are similar every 
seventh amino acid and are labeled a-b-c-d-e-f-g. 
Fourier transform analysis of the charge char-
acteristics of the primary sequence in each a-helix 
in the LMM has determined that each 28-residue 
repeat displays a characteristic sinusoidal pattern 
of alternating positive then negative charged resi-
dues in the b and c positions of every other hep-
tad. The b and c positions in the first heptad in 
every repeat are predominantly occupied by lysine 
(K) or arginine (R) residues, whereas band c posi-
tions in the third heptad are occupied by aspartic 
acid (D) or glutamic acid (E) residues. Thus, the 
typical repeat is arranged into alternating bands 
of positive and negative charges (McLachlan and 
Karn, 1982; McLachlan and Karn, 1983; Parry, 
1981), leading to alternating positively and nega-
tively charged zones arrayed along the outer sur-
face of the entire rod (Figure 4). 
The observation of this pattern has prompted 
some investigators to suggest that the reduction 
in the free energy by the neutralization of oppo-
site charges between myosin rods could provide 
the energy necessary for myosin assembly if the 
molecules were staggered by odd multiples of 14 
residues (Matsuda et al., 1982; McLachlan and 
Karn, 1982; McLachlan, 1983; Parry, 1981). 
A Mechanism of Assembly 
Synthetic Filaments 
Myosin is extracted from myofibrils in salt so-
lutions greater than 0.3 M. Purified myosin will 
precipitate by reducing the ionic strength of the 
salt solution to< 0.2 Mand can be recovered by 
centrifugation at 5000 X g. If a solution of purified 
monomeric myosin in 0.6 M NaCl is negatively 
stained and examined by electron microscopy, no 
structures or particles are observed. The myosin 
monomer can be visualized in the electron micro-
scope by the use of shadow-casting, a technique 
in which a thin carbon/ platinum coating is 
sprayed on the structure (Rice, 1961). 
As the ionic strength of a purified myosin solu-
tion is lowered from 0.6 M to less than 0.2 M NaCl, 
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Repetitive charged character of the LMM 
2 3 4 
I 
D 
Posiitively charged side 
chains 
Negatively charged side 
chains 
B Skip resi-
dues 
Figure 4. Evolutionary conserved charge character in 
the LMM. The positions of evolutionary conserved 
positively charged amino-acid side-chain residues are 
represented by black rectangles, and negatively 
charged amino-acid side-chain residues by white 
rectangles. These clusters are arrayed on the solvent 
or outer surface of the LMM. The diagram is made by 
unwinding the a-helix in one of the coiled-coils. Each 
repeat (28 amino acids) is stacked individually like 
rungs on a ladder with the next C-terminal repeat 
aligned underneath. The numbers to the left indicate 
the repeat number in the a-helix. The LMM is composed 
of the C-terminal 22-1 /2 repeats of the rod from repeat 
#17 to repeat #40. Each repeat is composed of four 
heptads, labeled at the top of the figure. Gray boxes 
indicate neutral, uncharged, or hydrophobic amino-acid 
side-chain residues. Hatched boxes indicate the 
position of skip residues in the LMM. Connected ovals 
at the bottom of the diagram represent the fact that 
these residues are in a random coil motif. 
rod-shaped particles, termed synthetic filaments 
to distinguish them from native thick filaments, 
are easily viewed by transmission electron micro-
scopy (TEM) after they have been embedded in a 
very thin block of uranium acetate. Synthetic fila-
ments display most of the morphological charac-
teristics of native thick filaments and are a good 
model to study the mechanism of myofibril-
logenesis, myosin assembly, and the architecture 
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of native thick filaments (Davis, 1985; Davis, 1988b; 
Huxley, 1963; Josephs and Harrington, 1966; 
Katsura and Noda, 1971; Pinset-Harstrom and 
Truffy, 1979; Pollard, 1975; Reisler et al., 1982). 
A putative mechanism of synthetic filament as-
sembly (Figure 5) has been proposed based on the 
studies of Reisler and Davis (Reisler et al., 1986; 
Davis, 1988b; Davis, 1986; Davis et al., 1982). Mono-
mers initially assemble into parallel dimers. Dimers 
assemble into antiparallel tetramers, tetramers into 
octamers. The octamers finally assemble into a 
minifilament of 16 molecules, which is the nuclea-
tion core for additional assembly and corresponds 
to the central bare zone of the thick filament. Par-
allel dimers add on to the tips of the nascent fila-
ment in a bipolar fashion until the rate of addition 
of dimers equals the rate of dissociation of dimers, 
accounting for the narrow length distribution of 
synthetic filaments (Davis, 1981; Davis et al., 1982; 
Davis, 1985; Davis, 1986; Davis, 1988a). Based on 
these studies, the following assembly mechanism 
was proposed: as the ionic strength is lowered, 
myosin monomers interact to form parallel myosin 
28 
Synthetic filament assembly 
High 
Salt 
(A) 
(8) 
(C) 
Low Salt 
r t~\ 
Soluble myosin in 0.5 M NaCl 
~ 
Parallel Dimer 
Minifilament 
(0) llB?DIDHUH uii ICNfCHlltH• 
Insoluble synthetic filament in 0.15 M NaCl 
Figure 5. A putative mechanism of myosin assembly. 
(A) Myosin monomers in high salt spontaneously 
assemble into (B) parallel dimers, (C) minifilaments, 
and finally, (D) synthetic filaments as the ionic strength 
of the solution is reduced. 
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dimers, which then associate to form a minifilament 
consisting of myosin associated in an antiparallel 
arrangement (Reisler et al. , 1982; Reisler et al., 1986). 
Studies on the effects of anti-rod monoclonal anti-
body Fab fragments on sarcomeric muscle myosin 
interactions in low-salt conditions confirmed that re-
gions in the C-terminus of the LMM were respon-
sible for the solubility properties of chicken pectora-
lis major (PM) muscle myosin (Wick et al., 1997). 
Unique to these studies were the results that sug-
gest the presence of domains in the N-terminus of 
the rod controlling the morphology of thick filaments 
and the architecture of the sarcomere. 
The mechanism by which the length distribu-
tion of native and synthetic thick filaments is 
achieved is still a major question in muscle biology. 
The mechanism has to be consistent with the re-
sults of kinetic experiments in which a cumula-
tive property progressively destabilizes the struc-
ture of the dimer binding site of the nascent fila-
ment. Thermodynamic insight into the mechanism 
arises from the observation in the electron micro-
scope that native filaments split into three sub-
filaments in low-salt buffers (Huxley, 1963). The 
splitting is limited to the tips of the filament where 
myosin is parallel packed. The central bare zone 
appears to remain intact. The stable subfilaments 
in the central bare zone appear to be formed by 
strong attractive electrostatic interactions, whereas 
repulsive ionic interactions appear to exist in the 
regions of the filament in which splits occur. Since 
filaments formed at pH 8.0 are shorter than fila-
ments formed at pH 7.0, it has been postulated that 
the repulsive interactions responsible for the split-
ting of native filaments in low salt are negative in 
charge (Davis, 1988 b). 
P aracrysta ls 
In order to determine the location and presence 
of amino acid sequence elements in the rod do-
main of the MyHC and their roles in the mecha-
nism of fibrillogenesis, site-directed mutagenesis 
of recombinant proteins is becoming the tool of 
choice. However, a full-length functional 
hexameric recombinant sarcomeric muscle myo-
sin molecule has yet to be produced in vitro. There-
fore , investigations into the mechanisms of 
fibrillogenesis currently employ enzymatically 
generated and genetically engineered recombinant 
MyHC rod fragments. 
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Muscle and nonmuscle myosin rod fragments 
have been employed to study the intermolecular 
interactions responsible for filament assembly and 
solubility (Atkinson and Stewart, 1992; Chowrashi 
and Pepe, 1977; Chowrashi et al., 1989; Lee et al., 
1994; O'Halloran et al. , 1990; Ward and Bennett, 
1989). Isolated LMM and rod fragments form 
paracrystals rather than filaments (Ward and 
Bennett, 1989; Szent-Gyorgyi et al., 1960; Stewart 
et al., 1989; Parry, 1981; Ishii and Lehrer, 1989; 
Chowrashi and Pepe, 1977; Atkinson and Stewart, 
1991a). In buffers of low ionic strength, the light 
meromyosin (LMM) fragments of the rod assemble 
into highly ordered aggregates termed paracrystals, 
with axial banding patterns based on odd mul-
tiples of 14 nm believed to reflect the architecture 
of the arrangement of myosin in the thick filament 
(Figure 6). LMM fragments exhibit solubility char-
acteristics that are indistinguishable from full-
length myosin. Hence, LMM fragments have 
proved to be good tools to investigate the assem-
bly properties of sarcomeric myosins. Deletions of 
the C-terminal portion of a bacterially expressed 
recombinant LMM generated a fragment that re-
mained soluble in low salt (Atkinson and Stewart, 
LMM fragments 
't (A) ""- \/ 
I-<' 
Purified native myosin 
(C)\;~ 
\{~ 
(B)~ (0) 
paracrystal 
tapered bipolar filament 
Figure 6. Myosin and rod fragments assemble into 
aggregates with different morphologies. (A) Illustrates 
a group of purified myosin molecules. (B) Transmission 
electron micrograph of a typical negatively stained 
synthetic filament. The central bare zone is visible in 
the center of a tapered bipolar aggregate approximately 
1.6 µ,m in length and 15 nm in diameter. (C) LMM 
fragments are shown to assemble into paracrystals. 
(D) Transmission electron micrograph shows a typical 
negatively stained paracrystal. Paracrystals exhibit little 
or no length or width constraints. The bar= 0.5 µ,m. 
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1991a; Sinard et al., 1989; Sinard et al ., 1990). The 
contribution of the C-terminal 100 amino acids to 
the solubility and N-terminal sequence elements 
to the assembly of sarcomeric muscle myosin has 
been demonstrated with bacterially-expressed 
LMM fragments (Atkinson and Stewart, 1991a). 
The results of these studies indicated the possibil-
ity of sub-domains in the LMM that contribute to 
various low-energy states of low-salt aggregates 
of myosin and affect the morphology of native and 
synthetic filaments. 
Implication 
MyHC rod fragments assemble into para-
crystals, rather than the precisely regulated syn-
thetic filaments, with a narrow distribution of 
length and width. These observations led to the 
hypothesis that the bulkiness of the Sl domain of 
myosin may influence the assembly process. In 
support of this hypothesis, it was shown that re-
moval of the LC2 from native myosin affected the 
morphology of synthetic filaments, implicating the 
myosin head in the mechanism of filament assem-
bly (Chowrashi and Pepe, 1989). We are perform-
ing experiments employing bacterially expressed 
recombinant rod proteins in order to study these-
quence elements in the N-terminus of the MyHC 
involved in myosin' s assembly properties. These 
studies will lead to the discovery of previously 
undescribed domains in the MyHC. Analysis of 
the sequence elements in these domains will con-
tribute to our understanding of the intermolecu-
lar interactions occurring not only between indi-
vidual myosin molecules that contribute to thick 
filament architecture but also between myosin 
molecules and with other constitutive myofibril-
lar proteins in determining the architecture of the 
sarcomere. 
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Dietary Intake of Vitatnin E 
Affects the Peroxide Value 
of Subcutaneous Latnb Fat 
C. T. Li, M. Wick 1, N. G. Marriott 2, and K. E. McClure 
The Ohio State University Department of Animal Sciences 
Abstract 
Lipid oxidation is a major problem causing fla-
vor deterioration in meat products. The objectives 
of this research were to analyze the effects of die-
tary vitamin E on the lipid oxidation of subcuta-
neous lamb fat employing a modified iodometric 
peroxide value (mPV). Lambs were fed ad libitum, 
an all-concentrate diet, formulated to provide 16% 
crude protein with 15 International Units (IU) (Na-
tional Research Council recommended level; Con-
trol), 300 IU for seven days, or 300 IU for 21 days 
of supplemental vitamin E (per kg of diet dry mat-
ter). The mPV demonstrated significant differences 
in the lipid oxidation state of animals fed control, 
300 IU (seven days) and 300 IU (21 days) of vita-
min E (P < 0.05). In addition, mPV demonstrated 
significant differences (P < 0.05) in the rate of 
change in the lipid oxidation state during storage. 
mPVs demonstrated dramatic increases of the lipid 
oxidation state of subcutaneous lamb fat on the 
11th day in all three treatments. Furthermore, the 
lambs fed control vitamin E had significantly 
higher initial PV on day one than those fed 300 IU 
vitamin E. These results indicate that dietary in-
take of vitamin E significantly affects the initial 
lipid oxidation state and the rate of the lipid oxi-
1 For more information, contact at: The Ohio State Univer-
sity, 230A Plumb Hall, 2027 Coffey Road, Columbus, OH 
43210, 614-292-7516, fax 614-292-7116, e-mail: 
wick.13@osu.edu 
2 Department of Food Science and Technology, Virginia 
Polytechnic Institute and State University, Blacksburg, 
VA24061 
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dation of subcutaneous lamb fat and therefore ex-
tends the shelf-life of lamb fat. 
Introduction 
The evaluation of the lipid oxidation state is es-
sential to the palatability of lipid foods. Lipid oxi-
dation is a major problem causing flavor deterio-
ration in meat and its by-products, which ad-
versely affects the shelf life of animal fat. Oxida-
tive rancidity in animal tissue starts to develop 
almost immediately after meat animal slaughter 
and carcass fabrication (Gray and Pearson, 1994). 
Unsaturated fatty acids become oxidized and pro-
duce undesirable organoleptic characteristics. The 
initial step in lipid oxidation is the generation of 
highly transient hydroperoxides that further degrade 
into malonaldehyde (MA) and other secondary 
compounds. Formation of hydroperoxides from 
unsaturated fats by oxidation has been recognized 
as the most important pathway for generating pre-
cursors of undesirable odors and flavors (Frankel, 
1980). 
Many antemortem factors potentially contrib-
ute to the lipid oxidation state of animal fat, how-
ever diet can be one of the most effective ways of 
inhibiting lipid oxidation. Previous research indi-
cated that supplementing dietary vitamin E, a fat 
soluble antioxidant, reduces lipid oxidation and 
increased the shelf-life of lamb meat (Wulf et al., 
1995). Current methods of lipid oxidation analy-
ses may contribute to further lipid oxidation and 
generate by-products that contribute to nonspecific 
reactions. In addition, these analyses are generally 
time-consuming and involve harsh conditions, 
such as steam distillation or oven-heating. Such 
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harsh conditions are postulated to contribute to 
further lipid oxidation (Decker et al., 1998; Shahidi, 
1994). Recent research has been conducted estab-
lishing a modified iodometric peroxide value 
(mPV) as a practical method to monitor the lipid 
oxidation in lamb fat (Li et al. 1999, unpublished 
data). The objective of this research was to employ 
mPV to investigate the effects of dietary vitamin E 
on the lipid oxidation of subcutaneous lamb fat. 
Material and Methods 
Sample Preparation 
The experiment was developed as a 3 (15 IU; 
300 IU, 7 days; 300 IU, 21 days) x 4 (Days 1, 7, 9 
and 11) factorial design (Figure 1 ). Twenty-four 
lambs were obtained from The Ohio State 
University's Ohio Agricultural Research Develop-
ment Center (OARDC) campus in Wooster, Ohio. 
They were randomly divided into three groups 
(eight lambs per group) and fed an all-concentrate 
diet, offered ad libitum, formulated to provide 16% 
crude protein with one of the following three treat-
ments: 15 IU (National Research Council-recom-
mended; Control), 300 IU (20 X NRC, 7 days) or 
300 IU (20 X NRC, 21 days) of supplemental vita-
min E per kg of diet dry matter. Carcass fabrica-
tion was conducted seven days post-slaughter. 
Subcutaneous fat from the loin area was removed, 
wrapped in a Styrofoam meat tray with oxygen-
8 Lambs 
15 IU 
(NRC) 
24 Lambs 
I 
I 
8 Lambs 
300IU 
(20X NRC) 
7 days 
I 
8 Lambs 
300IU 
(20 X NRC) 
21 days 
Subcutaneous Loin Fat Samples1 
I Stored at 39 ± 3.6°F (4 ± 2°C) in oxygen-permeable film 
meat trays for days 1 (slaughter day), 7 (fabrication 
day), 9, and 11 for peroxide values. 
Figure 1. Experimental design of different dietary 
vitamin E treatments on lambs. 
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permeable film, and stored at 39 ± 3.6°F (4 ± 2°C) 
from 1 to 11 days post-slaughter. The lamb fat 
samples were subjected to the modified iodometric 
peroxide value on days 1, 7, 9, and 11 post-slaugh-
ter. 
Modified Peroxide Value (mPV) 
The PV method of analysis was modified from 
the AOAC (1990) procedure. Briefly, a 50 g sample 
of unrendered subcutaneous loin fat each was 
ground in a Waring lab blender (Waring Products 
Division, Dynamic Cooperation of America, New 
Hartford, Conn.) for 20-30 s and extracted with 30 
mL ice cold (3:2 v /v) acetic acid:chloroform. The 
extraction was vigorously swirled to distribute the 
sample and reagents. After the samples were dis-
solved in the acetic acid:chloroform mixture, 0.5 
mL of saturated potassium iodine (KI) (83.2 g solid 
KI I 40 mL H 20) was added and mixed vigorously 
for 10 s. Subsequently, 30 mL deionized water was 
added, and the solution mixed thoroughly. Color 
of the upper aqueous layer ranged from pale yel-
low to bright yellow, with the lower organic layer 
remaining white. The mixture was allowed to 
stand for 5 to 10 min. at room temperature then 
titrated with 0.01 M Na2S20 3 (Sigma Chemical, Fair 
Lawn, N.J.) gradually with vigorous shaking. Dur-
ing the titration 0.5 mL of starch indicator (Starch 
1 % with chloroform 0.3%, Lab Chem., Inc., Pitts-
burgh, Pa.) was added. Color of the upper aque-
ous layer ranged from light purple to dark purple, 
and the lower organic layer remained white to 
gray. If the color of the lower organic layer re-
mained yellow, the sample was vigorously swirled 
and allowed to stand for an additional 10 min. The 
end-point of titration was established when the color 
of the upper aqueous layer disappeared. The mPV 
was calculated employing the following formula: 
mPV = (S)(N)(1000) 
w 
Where: 
mPV 
s 
N 
w 
Modified Peroxide Value (meq 
oxygen/kg fat) 
mLNa2S20 3 
Normality of Na2S20 3 (0.01 N) 
g of fat 
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Rate of Lipid Oxidation 
The rate of lipid oxidation (m) reflects the onset 
of lipid oxidation on lamb fat. The rate of lipid 
oxidation was be calculated by following formula : 
m =PV-PV 2 1 
d2-d1 
Where mis the rate of lipid oxidation, meq. of 
PV /kg/ d 
PV2-PV1 is the difference of peroxide value 
between two observations, meq./kg 
d2-d1 is the time period, days 
Statistical Analysis 
Statistical analysis was completed by statistical 
software SAS 7.0 for Windows®(SAS Institute, Inc., 
Cary, N.C. ). The significance of the differences was 
determined by a two-way General Linear Model 
(GLM). 
Results and Discussion 
Table 1 demonstrates that there is a significant 
increase of the lipid oxidation state in the subcu-
taneous fat obtained from lambs fed all three 
supplemental vitamin E treatments through day 
11 (P < 0.05). In addition, the group fed 15 IU vita-
min E had much higher initial peroxide value (1.83 
min E (1.03 and 0.64 meq. I kg), which suggests that 
Table 1. Effects of Three Different Dietary 
Vitamin E Treatments on Peroxide Values 
of Lamb Fat During Storage.1 
Peroxide Value, meq/kg 
15 IU 300 IU 300 IU 
Days 7 days 21 days 
1 1.83• 1.03• 0.64• 
7 2.09•b 1.09• 0.65• 
9 2.39b 1.11" 1.00b 
11 3.40< 1.94b 1.78< 
1 Means followed by different letters within columns are 
significantly different (P < 0.05) 
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meq. /kg) on day 1 than those fed 300 IU vita high 
levels of dietary vitamin E supplement retarded 
the initiation of lipid oxidation more than the con-
trol level of vitamin E treatment. Table 1 also indi-
cates that lipid oxidation significantly increased 
between day 9 and 11 in the fat from lambs fed all 
three vitamin E treatments (P < 0.05), which sug-
gests high dietary vitamin E treatment reduces the 
rate of lipid oxidation more than low dietary vita-
min E intake. The detailed information is summa-
rized as follows. 
Dietary Vitamin E 
Peroxide values demonstrated that there is a sig-
nificant difference in the lipid oxidation state in 
the fat obtained from animals fed three different 
levels of vitamin E (P < 0.05) (Figure 2). However, 
the differences in the mPV between the two 300 IU 
treatments were not as great as the differences be-
tween the control and 300 IU groups. In addition, 
animals fed 300 IU of vitamin E apparently had 
lower mPV than those fed 15 IU. These results sug-
gest that a higher level of dietary vitamin E yielded 
lower mPV s and less oxidation of subcutaneous 
lamb fat. 
5.0 
4.5 1--------- - - ----
4.0 1--- - - ------- ---
!f 3.5 1----- --- ---- -
~ J.O i--~2~.4=3a ____ _ _ ____ _ 
5 2.5 f---====;- -------- -
> 2.0 
~ 1.5 
1.0 
0.5 
1.29b 
0.0 L_.L__ _ _L _ __L __ -'---'----.!__ 
15 IU 300 IU, 7 days 300 IU, 21 days 
Vitamin E 
Figure 2. Effects of three different levels of dietary 
vitamin E on overall peroxide values of subcutaneous 
lamb fat. IU: International Unit. Means followed by 
different letters are significantly different (P < 0.05). 
Total observation, n = 192. 
Shelf-Life 
As the data in Table 1 reflects, there is an in-
crease in the mPV during storage in the fat ob-
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tained from lambs fed all three treatments 
(P < 0.05). Figure 3 demonstrates that the control 
group had significantly higher mPVs than the 
groups fed 300 IU vitamin E treatments assayed 
at each storage period. In previous research, 
Shahidi (1994) indicated that a longer period, re-
quired to reach a certain PV, increased effective-
ness in inhibiting oxidation. These data suggest 
that either feeding higher levels of supplemental 
vitamin E or increasing the supplemental feeding 
time increases the shelf-life of animal fat through 
the inhibition of lipid oxidation. 
5.0 
4.5 1---- -----------
4.0 1------- - - ------
!J 3.5 I--- ---------
~ 3.o 1---2~.4~3a _ ____ _____ _ 
5 2.5 r-r=======------- - ---
> 2.0 
~ 1.5 
1.0 
0.5 
1.29b 
0.0 ~~-~-~--~-~--~ 
lSIU 300 IU, 7 days 300 IU, 21 days 
Vitamin E 
Figure 3. Effects of different levels of dietary vitamin E 
during storage time on peroxide values of 
subcutaneous lamb fat. IU : International Unit. Means 
followed by different letters are significantly different 
(P < 0.05). Total observation, n=192. 
Rate of Lipid Oxidation 
Figure 4 indicates that rnPV significantly increases 
between day 9 and 11 in the fat obtained from lambs 
fed on all three vitamin treatments (P < 0.05). These 
data suggest that high dietary vitamin E treatment 
(300 IU) reduces the rate of lipid oxidation to a 
greater extent than control vitamin E treatment (15 
IU). The equations used to determine the rate of 
lipid oxidation in the fat from lambs fed the three 
different dietary vitamin E treatments are shown 
as follows: 
ylS = 0.50 xlS + 2.39; where ylS =Peroxide value 
of 15 IU group and xlS = day. 
(m15 = 0.50; Intercept= 2.39) 
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Figure 4. Effects of dietary vitamin E on rate of lipid 
oxidation of subcutaneous lamb fat. IU: International 
Unit. 
Y300, 7 = 0.42X300• 7 +1.11; where Y300, 7 =Peroxide 
value of 300 IU, 7 days group and X300,7 = day. 
(m300• 7 = 0.42; Intercept= 1.11) 
Y300, 7 = 0.39X300, 21 +1.00; where Y300•21 =Peroxide 
value of 300 IU, 21 days group and X300,21 = day. 
(m300, 21 = 0.39; Intercept= 1.00) 
The rate of lipid oxidation is m300, 21 ;::: m300, 7 > 
m15, which suggests the fat in lambs fed a higher 
level and longer period of dietary vitamin E has a 
greater resistance to lipid oxidation than the fat in 
the control group. However, the difference be-
tween 7 days of 300 IU vitamin E treatment and 21 
days of 300 IU vitamin E treatment is not great, 
which suggests 7 days of 300 IU vitamin E may be 
sufficient to retard the initiation of lipid oxidation. 
Implications 
Peroxides are the primary products of lipid au-
toxidation. Results indicate that vitamin E is ef-
fective in inhibiting lipid oxidation. Data also sug-
gest that dietary intake of vitamin E significantly 
affects the initial lipid oxidation state and the rate 
of lipid oxidation in subcutaneous lamb fat. De-
spite the significance between the mPV's at 7 days 
and 21 days of 300 IU, the difference is not as great 
as those between 15 IU and 300 IU. This data indi-
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cates that the full antioxidant effect of vitamin E 
can be obtained in as little as 7 days of supple-
mental feeding which could have a significant eco-
nomic contribution for the meat animal industry 
in Ohio. Further evaluation is necessary to deter-
mine the optimal time and levels of feeding supple-
mental antioxidants on increasing the shelf life and 
palatability of the fat from meat animals. 
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Abstract 
Lipid oxidation is a major contributor to flavor 
deterioration in meat products. A modified per-
oxide value (mPV) method was compared to the 
2-thiobarbaturic acid (TBA) test as methods of ana-
lyzing the lipid oxidation state in subcutaneous 
lamb fat obtained from lambs fed either 15 IU or 
300 IU supplemental c:x-tocopherol (vitamin E). The 
mPV and TBA analyses both demonstrated no sig-
nificant difference (P > 0.05) in the lipid-oxidation 
state of the fat from four different loin sections (n = 
20). Both mPV and TBA methods demonstrated 
virtually identical differences (P < 0.05) in the lipid-
oxidation state of the fat derived from lambs fed 
two different levels of vitamin E. These results 
demonstrate the efficacy of employing mPV to 
monitor the lipid-oxidation in animal fat. The low 
temperatures inherent to the mPV method vs. the 
TBA method, along with mild extraction methods 
and speed of obtaining results, reduces the poten-
tial of causing spurious autoxidation or generat-
ing substances that are capable of interfering with 
the assay. Both mPV and TBA methods indicate 
that the level of dietary intake of vitamin E sig-
nificantly affects the lipid oxidation-state of sub-
cutaneous fat antemortem as well as seven days 
postmortem and, thus, the shelf life of lamb fat. 
1 For more information, contact at: The Ohio State Univer-
sity, 230A Plumb Hall, 2027 Coffey Road, Columbus, OH 
43210, 614-292-7516, fax 614-292-7116, e-mail: 
wick.13@osu.edu 
Department of Food Science and Technology, Virginia 
Polytechnic Institute and State University, Blacksburg, 
Virginia 24061 
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Introduction 
Flavor is the trait responsible for consumer pref-
erences for meat and meat products. Water-soluble 
compounds in the lean portion of muscle impart 
meat taste while the lipids contribute the flavors 
characteristic of lamb species (Horstein and Crowe, 
1963). Lipid oxidation during prolonged storage 
or short-term exposure to high temperatures is 
often associated with" off flavors," "warmed over 
flavor, /1 "rancid, /1 and "stale" characteristics in 
mutton which result in product degradation and 
reduced case-life of an otherwise nutritious pro-
tein source. 
One of the most important causes of meat food 
flavor deterioration is lipid oxidation, which af-
fects fatty acids in general and polyunsaturated 
fatty acids in particular (Gray, 1978; Allen and 
Allen, 1981; and Fennema, 1993). Postmortem fac-
tors can influence lipid oxidation and decrease the 
shelf life of meat products due to the initiation of 
peroxidation (Vercellotti et al., 1992). Oxidation of 
fatty acids in animal tissue starts to occur almost 
instantly after slaughter (Gray and Pearson, 1994). 
Autoxidation of lipids is carried out by a free-
radical chain reaction (Gray, 1978; Allen and 
Hamilton, 1983; Rojarho and Sofos, 1993). The ini-
tial step in this reaction is the generation of transi-
tory hydroperoxides, which degrade into 
malonaldehyde (MA) and several other reactive 
compounds. Due to their unstable state, peroxides 
start their decomposition and form a series of sec-
ondary products, such as aldehydes, acids, and 
ketones, that produce undesirable rancid flavors 
(Shahidi, 1994). 
1999 Research and Reviews 
The most common chemical measurement of 
lipid oxidation in muscle foods is the thiobarbaturic 
acid (TBA) assay, based on the reaction of MA and 
TBA generating a TBA-MA complex with an ab-
sorbance maximum at 530 nm (Patton and Kurtz, 
1951 ). Although widely employed, this method has 
limitations; the most significant being that both 
MA and TBA react with other substances present 
in meat and the extracts of meat. These substances 
produce aldehydic lipid oxidation products that 
can react with TBA. In addition, the nonspecificity 
of the assay is due to interfering compounds that 
react with TBA such as sugars, ascorbic acid, and 
nonenzymatic browning products (Decker et al., 
1998). Another potential drawback to the TBA 
method is that MA is often bound to proteins and 
the conditions for the optimal release of MA is of-
ten hard to determine. These forms vary from one 
sample to the next and require different hydrolytic 
conditions to release the MA. Also, it is difficult to 
release all of the MA from meat protein without 
employing strong acids and heat that adversely 
affect stability of the TBA-MA complex (Draper 
et al., 1986). 
A comparison of a modified peroxide value 
(mPV) and TBA (2-thiobarbituric acid) as meth-
ods for analyzing the lipid oxidation state of the 
lipids in the subcutaneous fat layer obtained from 
lambs fed two different levels of the lipid soluble 
antioxidant cx-tocopherol (vitamin E) is reported 
here. These results demonstrate that mPV is a 
rapid, low-cost, simple, and reproducible method 
to monitor the lipid oxidation state in animal fat. 
Materials and Methods 
Comparison of TBA and mPV 
For comparative statistical analysis of mPV and 
TBA methods, two samples of subcutaneous fat 
were removed from the right side of the loin and 
two samples from the left side of the loin. The lamb 
was obtained from The Ohio State University Meat 
Lab, Columbus, Ohio (Figure 1). The lamb had 
been fed an all-concentrate diet, offered ad libitum, 
formulated to provide 16% crude protein and 15 
IU (NRC; Control) of supplemental vitamin E per 
kg of diet dry matter. It should be noted that lambs 
are normally fed 15 IU supplemental vitamin E per 
kg of diet dry matter and as such are considered 
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control lambs. Carcass fabrication was conducted 
one-day post-slaughter. 
Subcutaneous fat was removed, wrapped in a 
meat tray with polyvinyl-chloride oxygen-perme-
able film, and stored at 39.2 ± 3.6°F (4 ± 2°C) prior 
to analysis by both TBA and mPV. 
c 
I 
Figure 1. Sampling locations of subcutaneous fat from 
lamb loins. Right loin: A, B; Left loin: C, D. 
Analysis of Lipid Oxidation State 
in Lambs Fed Two Vitamin E 
Supplements 
A 2 (levels of vitamin E) x 4 (days of storage) 
factorial comparison of the lipid oxidation state in 
the subcutaneous loin fat in lambs fed two differ-
ent levels of supplemental vitamin E was per-
formed by employing both TBA and mPV. Twelve 
lambs were obtained from The Ohio State 
University's Ohio Agricultural Research and De-
velopment Center (OARDC) campus at Wooster, 
Ohio, where they had been fed an all-concentrate 
diet, offered ad libitum, formulated to provide 16% 
crude protein and either the control 15 IU supple-
mental vitamin E, recommend by National Re-
search Council, or 300 IU supplemental vitamin E 
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per kg of diet dry matter, seven days before slaugh-
ter. Carcass fabrication was conducted seven days 
post-slaughter. Subcutaneous fat from the loin area 
was removed, wrapped in a Styrofoam meat tray 
with polyvinyl-chloride oxygen-permeable film, 
and stored at 39.2 ± 3.6°F (4 ± 2°C) from 1 to 11 
days post-slaughter. 
2-Thiobarbituric Acid (TBA) Assay 
The degree of lipid oxidation in this experiment 
was determined by the TBA method described by 
Pensel (1990). Briefly, 5.0-grams of unrendered 
lamb fat were placed into a coded polyethylene 
stomacher bag. An additional empty stomacher 
bag was prepared as a blank. Then 50-mL of 39.2 ± 
3.6°F ( 4 ± 2°C) 20% trichloroacetic acid (Fisher Sci-
entific, Fair Lawn, N.J.) in 1.6% of m-phosphoric 
acid (Fisher Scientific, Fair Lawn, N.J.) solution was 
immediately added to each stomacher bag. 
Samples were blended in a Seward Laboratory 
blender (Tekmar Co., Cincinnati, Ohio) for 2 min. 
Then 50-mL of 39.2 ± 3.6°F (4 ± 2°C) distilled wa-
ter were added to each bag for a second blending 
for 30 s. The slurry was filtered through a What-
man No. 1 filter. Five mL of freshly prepared 0.02 
M 4, 6-dihydroxypyrimidine-2-thiol (Sigma 
Chemical Co., St. Louis, Mo.) was added to each 
tube and mixed for 4-5 s. Tubes were stored in the 
dark for 15 hours to develop the color. The color 
was measured by a Gilford Response UV-VIS Spec-
trophotometer (Ciba Corning Diagnostic Co., 
Oberlin, Ohio) at a wavelength of 530 nm. 
A standard curve for the indirect determination 
of K was generated by reacting TBA with 1,1,3,3 -
tetra-ethoxypropane (TEP) (Sigma Chemical Co., 
St. Louis, Mo.). AK value of 9.242 was obtained 
(n = 20, R2 = 0.996). The TBA of each sample was 
determined employing the following formula: 
TBA µ,g MA/ g = K x O.D530nm 
Modified Peroxide Value (mPV) 
The PV method of analysis was modified from 
the AOAC (1990) procedure. Briefly, a 50 g sample 
of unrendered subcutaneous loin fat each was 
ground in a Waring lab blender (Waring Products 
Division, Dynamic Cooperation of America, New 
Hartford, Conn.) for 20 to 30 sand extracted with 
30 mL ice cold (3:2 v Iv) acetic acid:chloroform. The 
extraction was vigorously swirled to distribute the 
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sample and reagents. After the samples were dis-
solved in the acetic acid:chloroform mixture, 0.5 
mL of saturated potassium iodine (KI) (83.2 g solid 
KI I 40 mL H 20) were added and mixed vigorously. 
Subsequently, 30 mL deionized water were added 
and the solution mixed thoroughly. Color of the 
upper aqueous layer ranged from pale yellow to 
bright yellow, with the lower organic layer remain-
ing white. The mixture was allowed to stand for 5 
to 10 min. at room temperature then titrated with 
0.01 M Na2S20 3 (Sigma Chemical, Fair Lawn, N.J.) 
gradually with vigorous shaking. During the ti-
tration, 0.5 mL of starch indicator (Starch 1 % with 
chloroform 0.3%, Lab Chem., Inc., Pittsburgh, Pa.) 
was added. Color of the upper aqueous layer 
ranged from light purple to dark purple, and the 
lower organic layer remained white to gray. If the 
color of the lower organic layer remained yellow, 
the sample was vigorously swirled and allowed 
to stand for an additional 10 min. The end-point 
of titration was established when the color of the 
upper aqueous layer disappeared. The mPV was 
calculated employing the following formula: 
Where: 
mPV 
s 
N 
w 
mPV = (S)(N)(lOOO) 
w 
Modified Peroxide Value 
(meq oxygen/kg fat) 
mLNa2S20 3 
Normality of Na2S20 3 (0.01 N) 
g of fat 
Statistical Analysis 
Statistical analysis was completed by statistical 
software SAS 7.0 for Windows® (SAS Institute, Inc., 
Cary, N.C.). Two-Way General Linear Models 
(GLM) were used to analyze the results. 
Results and Discussion 
Comparison of TBA 
and mPV Methodologies 
The results reported in Table 1 indicate that both 
TBA and mPV methods detected no differences in 
the lipid oxidation state at four locations in the 
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subcutaneous loin fat (P > 0.05, n = 20). In addi-
tion, results also demonstrate the consistency and 
repeatability of both TBA and mPV. In addition, 
these data also indicate that lipids in the subcuta-
neous fat surrounding the loin from lambs fabri-
cated within 24 hours of slaughter exhibit a very 
low oxidation state. 
Table 1. Lipid Oxidation at Different 
Locations of Lamb Fat by TBA and mPV 
Methods.1 
Locations mPV TBA 
N= 5/location (meq/kg) (µgig) 
A 2.48• 0.150• 
B 2.36• 0.133• 
c 2.04• 0.138• 
D 1.96• 0.143• 
1 Means followed by the same superscripts within 
columns indicate that the values are not different 
(P > 0.05). Right loin: A, B; Left loin: C, D. TBA= 2-
thiobarbaturic acid and mPV = modified peroxide value. 
The comparative advantages of mPV in contrast 
to TBA as a method of analyzing the lipid oxida-
tion state of lamb fat are summarized in Table 2. 
The ability of mPV to detect the oxidation of mono 
unsaturated fatty acids suggests that this method 
is more accurate in determining the oxidation state 
of all the fatty acids in the sample in contrast to 
the traditional TBA methodology. The potential for 
further autoxidation of the sample is minimized 
in the mPV method due to the use of non-acidic 
and ice-cold conditions during sample preparation 
and extraction. Additionally, the potential to com-
pare the oxidation state in fat derived from differ-
ent muscles is more appropriate with mPV than 
traditional TBA due to the fact that mPV detects 
only the degree of peroxide formation in the 
unconjugated fatty-acid fraction of the animal fat 
(Decker et al., 1998). Finally, final color develop-
ment for mPV is almost instantaneous while color 
development for the traditional TBA method re-
quires at least 15 hours. This greatly shortens the 
"turn around" time for analysis of the lipid oxida-
tion state of lamb fat by mPV versus the traditional 
TBA method. 
Use of TBA and mPV to Determine 
Lipid Oxidation State of Fat 
from Lambs Fed Different 
Vitamin E Regimens 
Both mPV and TBA methods demonstrate an 
increase in the lipid oxidation state in loin area sub-
cutaneous fat obtained from lambs fed on both the 
control and 300 IU supplemental dietary vitamin 
E (P < 0.05). Both methods demonstrate similar 
lipid oxidation states of the fat from animals fed 
on both regimens until eleven days post slaugh-
ter. The greatest increase in 11-day lipid oxidation 
Table 2. Comparative Analysis Between 2-Thiobarbaturic Acid (TBA) and the Modified 
Peroxide Value (mPV). 
Temperature of sample preparation (0 C) 
Sample autoxidation potential 
Analysis time 
Acidic conditions 
Specificity for peroxides 
Detection of oxidized mono and unsaturated fatty acids 
Potential to compare oxidation between muscles 
with different fatty acid composition 
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mPV 
7±2 
Low 
2h 
No 
Yes 
Yes 
Appropriate 
TBA 
25-100 
High 
18-24 h 
Yes 
No 
No 
Inappropriate 
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Table 3. Effects of Two Different Levels of Dietary Vitamin E on the Modified Peroxide 
Value (mPV) and 2-Thiobarbaturic Acid (TBA) Values of Lamb Fat During Storage.1 
mPV TBA 
Day (meq/kg) (µgig) 
Post Slaughter Control 300 IU Control 300 IU 
1 1.90• 1.03• 0.167• 0.084• 
7 2.08•b 1.09• 0.179•b 0.090• 
9 2.33b 1.11" 0.193b 0.101" 
11 3.5oc 1.94b 0.254( 0.125b 
1 IU: International Unit. Total observation, N = 96. Means followed by different superscripts within columns indicate 
statistical differences are significantly different (P < 0.05) 
was observed in the fat from lambs fed 15 IU (con-
trol animals) by both methods. There was no dif-
ference in the mPV or TBA of fat obtained from 
animals fed 300 IU vitamin Eon days 1, 7, or 9, 
suggesting that high dietary vitamin E treatment 
retards the rate of lipid oxidation to a greater ex-
tent than control levels of dietary vitamin E treat-
ment. In addition, lambs fed 15 IU vitamin E had 
higher initial mPV and TBA values than those fed 
300 IU vitamin E (Table 3). Furthermore, mPVs sig-
nificantly increased between day 9 and 11 (P < 
0.05), indicating that increased dietary vitamin E 
treatment reduces the rate of lipid oxidation more 
than control dietary vitamin E intake, thus increas-
ing the usable shelf life of lamb fat. 
Implications 
Previous research indicated that supplemental 
dietary vitamin E reduces lipid oxidation state of 
rendered fat from lamb meat. The rate of lipid oxi-
dation is controlled by various antemortem fac-
tors. Composition of the diet is one of the most 
effective ways of inhibiting lipid oxidation in ani-
mal fat (Wulf et al., 1995). In this study, lambs fed 
300 IU of vitamin E apparently had lower mPVs 
than those fed 15 IU. These results suggest that 
higher levels of dietary vitamin E contribute to 
lower mPVs and less oxidation of subcutaneous 
lamb fat. In addition, increased levels and longer 
duration of dietary vitamin E contributed to a 
greater inhibition of lipid oxidation in the subcu-
taneous loin fat in lambs. 
The mPV method reported here reproducibly 
analyzes the lipid oxidation state of fatty acids 
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derived from animal tissue. The reaction time for 
the entire analysis is less than three hours. In con-
trast, the TBA method reported here is time con-
suming and incapable of detecting oxidized mono-
unsaturated fatty acids. 
The TBA method is primarily based on deter-
mining the concentration of a TBA-MA complex, 
a secondary oxidative product of fatty acid oxida-
tion. However, MA is not present in all oxidized 
systems. In addition, the TBA method is not sensi-
tive to the oxidation state of mono- or di-unsatur-
ated fatty acid derivatives (Nawar, 1996). Gray 
(1978) reported no color development by TBA 
method for linoleate, a mono-unsaturated fatty 
acid, even though the peroxide value had already 
reached to 2,000 (Gray, 1978). Interaction of MA 
with available amino groups in meat components 
has been reported to affect the results of TBA analy-
sis (Shahidi, 1994). 
Lipid oxidation determinations are normally 
performed on animal fat samples more than seven 
days post slaughter. This is the first report of the 
lipid oxidation state determination on fresh ( < 24 
hours), unrendered, fabricated subcutaneous lamb 
fat. Both mPV and TBA yielded similar results, how-
ever; mPV is more rapid, simpler, more reproduc-
ible, costs less, and uses unrendered fat. These as-
pects of the mPV method could have a potentially 
great economic contribution for the meat indus-
try. 
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ltnpact of the Hydrodyne® Process 
on Tenderness of Pork 
S. Moeller 1, D. Wulf D. Meeker, M. Ndife, and N. Sundararajan 
The Ohio State University Department of Animal Sciences 
Abstract 
Paired boneless pork loins were obtained from 
76 market hogs to evaluate the tenderness, meat 
quality characteristics, sensory attributes, and 
microbial content of pork loins exposed to the 
Hydrodyne® Process (HP). The Hydrodyne® Pro-
cess uses a small explosion to generate a shock 
wave in water. The resulting shock wave, when 
administered to meat with similar acoustic prop-
erties as water, passes through the meat and cre-
ates substantial damage to muscle structure, re-
sulting in improved tenderness. Research on the 
impact of this technology on pork is limited, and 
this study was designed to evaluate the impact of 
the Hydrodyne® Process on tenderness in pork. 
Administration of the Hydrodyne® Process re-
sulted in a 17% improvement in tenderness over 
the nontreated control (C) loin when comparing 
Warner-Bratzler shear-force values. The effect of 
the HP on tenderness was consistent when cooked 
to two end-point temperatures, and no differences 
in cooking loss were observed when comparing 
HP and C loins at both end-point temperatures. 
No differences between HP and C were observed 
for color score, firmness score, Hunter L color, 
Minolta reflectance, or drip loss on uncooked 
samples. HP loins were found to have significantly 
lower marbling scores and intra-muscular fat con-
tents than the paired C loin from the same pig. A 
subset of 16 paired loins was randomly selected 
1 For more information, contact at: The Ohio State Univer-
sity, 122D Animal Science Building, 2029 Fyffe Road, 
Columbus, OH 43210, 614-688-3686, fax 614-292-3513, 
e-mail: moeller.29@osu.edu 
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and tested for sensory attributes. The loin samples 
used in the taste panel did not exhibit a significant 
improvement in Wamer-Bratzler shear tenderness 
as a result of the hydrodyne treatment, which is in 
contrast to the improvement observed in the analy-
sis of the entire set of loins. Sensory panelists were 
also unable to differentiate treatment differences 
between HP and C loins for both initial or sus-
tained tenderness scores. Sensory evaluation on 
the subset of 16 paired loins also showed no dif-
ferences in HP or C loins for pork flavor, off-flavor, 
cohesiveness, or number of chews prior to swal-
lowing, but HP loins had a significantly higher 
juiciness score and more cooking loss than C loins. 
Microbial analysis on the subset of 16 loins showed 
no differences in coliform bacteria counts or aero-
bic plate counts for HP or C loins and no detect-
able levels of E. coli bacteria in either HP or C loins. 
Introduction 
The development and implementation of car-
cass merit payment systems in the U.S. swine in-
dustry has resulted in dramatic changes in the lean 
composition of the swine produced over the last 
five to 10 years. Changes in genetics, feeding pro-
grams, and management strategies have all played 
a role in producing leaner, more efficient swine. 
Unfortunately, the demand for increased lean has 
resulted in undesirable changes in muscle quality 
traits including reduced intra-muscular fat content, 
lower ultimate pH, and poor water-holding capac-
ity. Changes in these and other muscle quality traits 
have been shown to be related to the tenderness 
and overall acceptability of pork products when 
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compared by trained sensory panels and in con-
sumer preference trials (NPPC 1995, Terminal Line 
Program Results). Because tenderness is an impor-
tant criteria in determining consumer acceptability 
of pork, exploration of new technologies to im-
prove tenderness of pork should be addressed. 
The Hydrodyne® Process, a relatively new pro-
cedure designed to improve tenderness of meat, 
was reported by Solomon and Long, 1995. They 
reported the Hydrodyne® Process uses a small 
amount of explosive to generate a shock wave in 
water, creating a pressure front of 10,000 psi at the 
point of contact with an object. The shock wave 
occurs in fractions of a millisecond and passes 
through objects in the water that are acoustic 
matches with water. Since meat is a good acoustic 
match with water, the HP process has an effect on 
meat. As the shock wave passes through the meat, 
a compression occurs in advance of the wave front 
and negative pressure occurs after its passage. If 
the shock pressure is large enough, a tenderizing 
effect (Solomon et al., 1995) brought about by de-
struction of muscle structure results. The 
Hydrodyne® Process has been shown to signifi-
cantly increase tenderness in beef (Solomon and 
Long, 1995) and sheep (Solomon et al., 1995) 
muscles and has been viewed as a revolutionary 
approach to improve meat tenderness requiring 
less space, energy, and labor costs (Solomon et al., 
1995) than alternative approaches. Research efforts 
to characterize the impact of the Hydrodyne® Pro-
cess on pork muscle are important as the U.S. in-
dustry attempts to improve the eating quality and 
consumer acceptability of pork and seeks to in-
crease both domestic and foreign demand for U.S. 
pork products. 
Objectives 
The purposes of this study were to: 
• Determine the effect of the Hydrodyne® Pro-
cess on tenderness, color attributes, drip loss, 
and cooking loss of pork longissimus muscle. 
• Determine the effect of the Hydrodyne® Pro-
cess on eating-quality characteristics of the 
longissimus muscle when compared by a 
trained sensory panel. 
• Determine the effect of the Hydrodyne® Pro-
cess on microbial load or contamination of 
pork. 
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Procedures 
Animals 
Pork muscle used in this study originated from 
76 market animals, randomly selected from the 
1996 Iowa State University, Livestock Producers 
Assistance Program SEW Test conducted at the 
Northeast Iowa Swine Improvement Association 
swine-testing station in New Hampton, Iowa. Fol-
lowing slaughter and carcass data collection at 
Hormel Foods™, Austin, Minnesota, paired loins 
(longissimus muscle, 10th rib through sirloin end) 
from each pig were de-boned, trimmed of exter-
nal fat, vacuum packaged in an oxygen imperme-
able bag, and frozen. 
Hydrodyne® Process 
Frozen loins were transported to the USDA 
Beltsville Agricultural Experiment Station where 
the Hydrodyne® Process was conducted. One loin 
from each pig was assigned to either a control (C) 
(n=76) or HP (n=76) treatment protocol. All loins 
were thawed prior to administration of the HP. The 
HP process was conducted using standard proto-
cols outlined by Solomon and Long (1995). The HP 
was conducted using groups of individually 
vacuum-packaged loins placed into a single, large 
rubber bag. A subset (n =16 paired loins) of the C 
and HP loins was randomly selected to be used 
for sensory evaluation and microbial characteriza-
tion. Loins designated for sensory and microbial 
evaluation were individually treated in the HP 
protocol to avoid any possible cross contamina-
tion of samples. 
Muscle Quality Procedures 
Upon completion of the HP procedure, all loins 
(n = 152) were refrozen and transported to The 
Ohio State University. Upon arrival at Ohio State, 
loins were thawed and samples collected for fur-
ther testing. Muscle-quality tests conducted in-
cluded subjective, visual assessment of color, mar-
bling, and firmness; objective, Minolta reflectance 
and color scores; drip-loss estimation of uncooked 
samples; and total lipid extraction. 
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Tenderness Evaluation 
Two loin samples from each C and HP-treated 
loin (total of four samples per pig) were cut to a 
standard thickness of one inch. One loin sample 
from each treatment (C or HP) was assigned to one 
of two designated cooking times (11or16 minutes) 
to determine the effect of internal temperature on 
Warner-Bratzler shear-force values. All loin 
samples were cooked in an impingement oven set 
at 375°F, with the samples placed on an adjustable 
speed conveyor to standardize cooking time. Loin 
samples were weighed prior to and following 
cooking to determine cooking loss. Internal tem-
perature on the cooked loin samples was recorded 
for use in data analysis. 
Wamer-Bratzler shear-force values were recorded 
on cooked loin samples to determine the effect of 
treatment and cooking time on the tenderness of the 
loin samples. Shear-force values were collected 
from six individual core samples per cooked loin, 
with the average of the six values used in data 
analysis for measurement of tenderness by the 
Warner-Bratzler shear method. 
Sensory Evaluation 
The subset of paired loin samples from 16 pigs 
(n = 32 total loins) was used to evaluate sensory 
attributes in a blind taste test by a trained sensory 
panel. The taste panel consisted of eight indivi-
duals who were randomly assigned to taste the 
loin samples from two pigs. In the experimental 
design, four individual tasting sessions were held, 
and each panelist tasted C and HP loin samples 
from two specific pigs in replicate. In total, 128 
observations (16 pigs *4 samples I pig * 2 replica-
tions/ pig) were recorded and used in the analy-
sis. The four observations per pig consisted of two 
replicates of C and HP loins. Sensory traits evalu-
ated included pork flavor, off-flavor, initial tender-
ness, sustained tenderness, juiciness, cohesiveness, 
and the number of chews necessary to consume 
the sample. 
Microbial Characterization 
Paired loin samples representing the subset of 
16 pigs (n = 32 total) were collected using steril-
ized equipment, bagged, and sent to an analytical 
lab for testing. Samples were tested for coliform 
bacteria (mpn/ g), E. coli bacteria (mpn/ g), and 
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aerobic plate counts (252C, three days). Microbial 
counts were converted to logarithmic function for 
analysis. 
Statistical Analysis 
The data collected in the study were analyzed 
using statistical procedures outlined in SAS (1994). 
All data were analyzed using mixed model proce-
dures with pig considered to be a random effect in 
the testing of differences among treatments (C or 
HP). Shear-force and cooking-loss data were ana-
lyzed using a second fixed effect of cooking time 
(11 or 16 minutes) and the interaction of treatment 
and cooking time. Sensory evaluation data were 
analyzed using panelist as a second random vari-
able when testing treatment differences. The mi-
crobial characterization data were converted to a log10 
scale and analyzed using a model with random ef-
fects of pig in the analysis of treatment differences. 
Results 
Table 1 summarizes the results of muscle quali-
ty traits measured on the HP and C loin muscle 
samples. No significant differences were observed 
between the HP- and C-treated loins for visual as-
sessments by color score or machine-measured 
light reflectance (Minolta) and color (Hunter Land 
Hunter b*), indicating that the HP process did not 
affect the overall appearance of pork loins. Signifi-
cant differences were found for Hunter a*, indi-
cating that HP-treated loins had reflectance val-
ues that were less red than C loins. Loins treated 
with the HP protocol also had significantly lower 
marbling scores and intra-muscular fat content 
than C loins from the same pig. This finding is not 
easily explained from a biological or procedural 
standpoint and is an area that needs to be investi-
gated in the future. The results of this study indi-
cate no negative effects on commonly measured 
muscle- quality traits of pork, including color, firm-
ness, and water-holding capacity when treated by 
the HP protocol. The observed drip loss values 
were extremely low for both C (0.81 % ) and HP 
(0.73%) loins. 
The effect of HP on tenderness and cooking loss 
of the loin muscle is described in Table 2. Loins 
treated by the HP had shear-force values of 2.69 
kg compared to 3.24 kg for the control, resulting 
in a 17% improvement in tenderness. Tenderness 
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Table 1. Least Squares Means and Standard Errors for Longissimus (Loin) Muscle Quality 
Traits for Hydrodyne® Treated and Control Samples of Loin from the Same Pig. 
Treatment 
Traita N Control Hydrodyne® Significanceb 
Color 76 2.84 ± 0.04 2.90 ± 0.04 NS 
Marbling 76 3.02 ± 0.04 2.86 ± 0.04 + 
Firmness 76 2.89 ± 0.04 2.74 ± 0.04 NS 
Intra-muscular fat,% 69 2.69 ± 0.06 2.48 ± 0.06 * 
Minolta reflectance 76 25.91±0.24 26.00 ± 0.24 NS 
Hunter L color 76 50.79 ± 0.23 50.88 ± 0.24 NS 
Hunter a* 76 14.40 ± 0.09 14.85 ± 0.09 ** 
Hunterb* 76 7.11±0.06 7.15 ± 0.06 NS 
Drip loss,% 76 0.81±0.11 0.73 ± 0.11 NS 
• Color, 1-5 scale, 1 =pale and 5 =dark; Marbling, 1-5 scale, 1 =devoid and 5 =excess; Firmness, 1-5 scale, 1 =soft and 
wet and 5 = firm and dry; Minolta reflectance, 0 = no reflectance, 100 = total reflectance; Hunter L color, 0 = black and 100 
=white; Hunter a*, red I green hue, higher number= more red; Hunter b*, blue I yellow, higher number= more yellow; 
Drip loss = percentage of exudate from noncooked sample. 
b Significance level: NS= no significant difference between Hydrodyne® and control:+ P < 0.10, * P < 0.05, ** P < 0.01. 
Table 2. Least Squares Means and Standard Errors of Longissimus (loin) Muscle Tender-
ness and Cooking Loss Traits for Hydrodyne® Treated and Control Samples of Loin 
Cooked to Two Endpoint Times. 
Traita 
Warner-Bratzler shear 
Overall 
11 minute cooking 
16 minute cooking 
Cooking Loss, % 
Overall 
Control 
Hydrodyne 
N 
152 
76 
76 
152 
76 
76 
Treatment 
Control Hydrodyne® Sigb 
3.24 ± 0.04 2.69 ± 0.04 *** 
3.19 ± 0.05 2.71±0.05 *** 
3.30± 0.05 2.68 ± 0.05 *** 
Cooking Time 
11 minutes 16 minutes Sigb 
26.39 ± 0.27 34.04 ± 0.27 *** 
26.51±0.37 34.22 ± 0.37 *** 
26.25 ± 0.37 33.85 ± 0.37 *** 
Warner-Bratzler shear force =kg of pressure required to shear a standard core of muscle; 
Cooking Loss, % = ((raw weight-cooked weight)/raw weight)* 100. 
Statistical significance level for means within a row: *** P < 0.001. 
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% Difference 
17.0 
15.0 
18.8 
% Difference 
22.5 
22.5 
22.5 
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differences between HP and C were consistent 
across cooking time (11or16 min.) with the HP-
treated loins 15% and 18% more tender than con-
trols at 11 and 16 minutes, respectively. The effect 
of HP on cooking loss was not significant in the 
study, indicating that cooking-loss differences were 
not observed when comparing HP and C loins. 
Time of cooking, as expected, had a significant ef-
fect on cooking loss with loins cooked for 16 min-
utes having 22.5% more cooking loss for both HP 
and C loins cooked for 11 minutes. Data analysis 
results also show no significant interaction exists 
between Treatment (C or HP) and Cooking Time 
(11or16 min.), which means the impact of HP on 
tenderness was consistent across cooking times. It 
should be noted that the loins utilized in the study 
were frozen and thawed prior to HP treatment and 
collection of shear-force data, which is different 
than other experiments evaluating HP on other 
species. The impact of the HP protocol on fresh, 
never frozen, pork cannot be determined in this 
study. However, the results on frozen pork indi-
cate that the HP protocol is an effective method of 
improving tenderness as measured by Warner-
Bratzler shear force, an objective method of mea-
suring meat tenderness. 
Sensory evaluation scores are presented in Table 
3. Significant differences were found between HP 
and C treatments for juiciness, with Hydrodyne 
loins having lower juiciness scores ( 4.87 vs. 5.20 
units) than the Control. However, no differences 
were reported for initial tenderness, sustained ten-
derness, cohesiveness, or the number of chews 
necessary to consume the sample. Warner-Bratzler 
shear-force values on the subset of 16 paired loins 
were not different, which explains the failure to 
detect sensory differences in initial and sustained 
tenderness of the HP and C loins. Differences in 
pork-flavor and off-flavor approached significance 
(P < 0.10) with the HP-treated loins having slightly 
less off-flavor and higher pork-flavor scores than the 
control loin samples. The sensory evaluation find-
ings suggest that the HP protocol had no major effect 
on sensory characteristics other than juiciness. Con-
clusions on the effect of HP treatment upon sen-
sory evaluation of tenderness can not be clearly 
made because the subset of loins designated for 
sensory evaluation did not respond in the same 
manner as the entire set of 76 paired loins where a 
17% improvement in Warner-Bratzler shear force 
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was observed. The reason a random set of 16 loins, 
chosen from a set of 76 loins, did not show a treat-
ment effect may be due to chance and a small num-
ber of observations. 
The results of the microbial tests conducted on 
the paired loin samples (n = 16 pigs) used in the 
sensory evaluation are presented in Table 4. Plate 
counts were converted to a logarithmic scale in the 
analysis. No significant differences between C and 
HP treatments were observed for coliform bacte-
ria or aerobic plate count. No detectable levels of 
E. coli were observed in any samples. 
Summary 
The results of the study indicate that use of the 
HP protocol is an effective method of improving 
tenderness of pork-loin muscle when measured by 
Warner-Bratzler shear force . However, the im-
provement in Warner-Bratzler shear force (17%) 
was not detectable in the subset of loins utilized 
for trained sensory evaluation, resulting in no ob-
servable differences in taste panel scores for ini-
tial or sustained tenderness of pork loin. 
The observed improvement in Warner-Bratzler 
shear force resulting from the HP treatment was 
determined to have no detrimental effects on vi-
sual or objective measures of color, loin water-
holding capacity measured by visual firmness/ 
wetness scores, drip loss and cooking loss, or mi-
crobial growth and contamination. Sensory evalu-
ation showed HP loins were less juicy than C loins, 
but no differences were found for pork flavor, off-
flavor, initial or sustained tenderness, or cohesive-
ness of the loin. Pork loins treated with HP had 
significantly lower marbling scores and intra-mus-
cular fat percentage than C loins and a higher cook-
ing loss. This may explain why the sensory panel 
observed HP-treated loins were less juicy. 
The overall importance of this research for the 
swine industry is that the Hydrodyne® Process, a 
process that requires little space, time, or energy, 
appears to improve tenderness of the pork loin 
without having major detrimental affects on 
muscle quality traits, sensory characteristics, or the 
safety and wholesomeness of pork. The observed 
differences in Warner-Bratzler shear force on the 
pork loin, one of the most tender cuts of pork, 
warrants further research on less tender cuts of 
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Table 3. Least Squares Means and Standard Errors for Sensory Panel Attributes of 
Hydrodyne® Treated and Control Loin Samples. 
Treatment 
Traita N Control Hydrodyne® Sigh 
Pork-flavor 16 5.61±0.18 6.06 ± 0.18 + 
Off-flavor 16 1.18 ± 0.05 1.04 ± 0.05 + 
Initial tenderness 16 5.73 ± 0.15 5.79 ± 0.15 NS 
Sustained tenderness 16 6.17 ± 0.16 5.96 ± 0.16 NS 
Warner-Bratzler Shear 16 2.77± 0.05 2.74± 0.04 NS 
Cook loss,% 16 29.69 ± 0.59 31.65 ± 0.43 * 
Juiciness 16 5.20 ± 0.17 4.87 ± 0.17 * 
Cohesiveness 16 5.23 ± 0.15 5.14 ± 0.15 NS 
Number of Chews 16 17.59 ± 0.31 17.42 ± 0.31 NS 
•Pork-flavor, 1-10 scale, 1 =none & 10 =intense; Off-flavor, 1-10 scale, 1 =none and 10 =intense; Initial tenderness, 1-10 
scale, 1 =very tough & 10 =very tender; Sustained tenderness, 1-10 scale, 1 =very tough and 10 = very tender; Warner-
Bratzler shear = kg of force to shear the sample, Cook loss= moisture loss during cooking, Juiciness, 1-10 scale, 1 =very 
dry and 10 =very juicy; Cohesiveness, 1-10 scale, 1 = very chewy and 10 =non-chewy; Number of chews= number of 
chews necessary to completely eat the sample. 
b Statistical significance level: NS= no significant difference between HP and C loins,+ P < 0.10, * P < 0.05. 
Table 4. Least Squares Means for Microbial Characteristics of Hydrodyne® Treated and 
Control Pork Loins. 
Treatment 
TraiP N Control Hydrodyne® 
Coliform Bacteria Count 
E. coli Bacteria Count 
Aerobic Plate Count 
16 
16 
16 
0.80 ± 0.26 1.40 ± 0.26 NS 
ND ND 
4.38 ± 0.17 4.50 ± 0.17 NS 
• Coliform Bacteria Count: level indicated is log10 the described plate count; E. coli Bacteria, Not detectable; Aerobic Plate 
Count, (252C for 3 days), level indicated is log10 the described plate count. 
b Statistical significance level: NS = no significant difference. 
pork and necessitates evaluation of the feasibility 
of using the Hydrodyne® Process in the packing 
industry. The use of the Hydrodyne® Process may 
be a tool that can be effectively utilized by the pork 
industry to improve overall tenderness of pork 
products produced, but it should not be consid-
ered a short cut to improving tenderness problems 
associated with major genes, genetic types, nutri-
tion programs, or management styles that contrib-
ute to tough pork. Techniques such as the 
Hydrodyne® Process must be evaluated for their 
impact and place in the industry effort to improve 
pork products along the entire pork chain. 
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Effects of Storage and NaOH 
Treahnent on the Quality of Cured, 
Cooked Hatns frotn Hatnpshire Hogs 
B. D. Paxton, C. L. Knipe 1, D. L. Meeker, and N. R. St-Pierre 
The Ohio State University Department of Animal Sciences 
Abstract 
In order to evaluate processing quality effects 
of the Napole gene (RN-, rn+) and the feasibility of 
improving the functionality of pork from hogs 
possessing the unfavorable dominant allele (RN-), 
paired hams from 40 hogs (selected from a Hamp-
shire progeny test conducted at the Western Illi-
nois Test Station) were obtained. One ham of each 
pair was stored non-frozen and the other frozen. 
Each ham was divided in half after storage and 
two processing scenarios were applied to each of 
the ham halves, one of which was intended to im-
prove the functional quality of pork over a con-
ventional processing method. The addition of 
0.125% sodium hydroxide (NaOH) to a conven-
tional injection solution increased cooked pH, 
cooking yields, and darkened product color over 
the control. No differences in purge quantities were 
found between the two treatments. These results 
showed that some of the detrimental effects of the 
Napole gene can be mitigated by altering process-
ing techniques, but the scenarios tested here also 
benefited the normal (rn+) hams, maintaining an 
advantage to not having the gene. A sensory panel 
was also performed on these hams, and Na OH 
treatment was found to increase both tenderness 
and juiciness. A second, smaller study was also 
performed and supported the results of the first 
study. 
1 For more information, contact at: The Ohio State Univer-
sity, 122B Animal Science Building, 2029 Fyffe Road, 
Columbus, OH 43210, 614-292-4877, fax 614-292-3513, 
e-mail: knipe.l@osu.edu 
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Introduction 
The Napole Gene is reported to be a major domi-
nant gene influencing meat quality, particularly 
drip loss and cooking loss during processing of 
pork. The highest frequency of the gene is reported 
to be in the Hampshire breed. 
Results of University of Illinois research indi-
cate a significant economic loss to packer-proces-
sors due to increased drip and cooking loss of pork 
from pigs with the Napole gene. Some packers are 
requesting that commercial producers restrict their 
use of Hampshire boars, and some breeding com-
panies are choosing to remove Hampshire genetics 
from their genetic lines. However, the superior 
leanness and carcass lean yield of the Hampshire 
is an asset the U.S. pork industry should not dis-
card. In addition, the Hampshire breed is widely 
recognized as a genetic resource for the produc-
tion of high-quality pork. 
The Hampshire breed would benefit from in-
creased understanding of the physiological mecha-
nisms underlying the problem and possible alter-
nate processing strategies that may mitigate the 
problem. 
Materials and Methods 
Paired hams, from hogs selected from a Hamp-
shire progeny test conducted at the Western Illi-
nois Test Station, were obtained from the Farm-
land plant in Monmouth, Illinois. Selection of hogs 
was based upon glycolytic potential (GP)_ Hogs 
with GP values of 180 and below were considered 
low GP, and hogs with GP values of 250 and above 
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were considered high GP. Paired hams from 40 
hogs were obtained for processing and analysis, 
depending upon the GP values and characteriza-
tion of hogs. Only 33 pairs were included in the 
study due to product loss, loss of identification, or 
lack of GP value. Obtaining paired hams allowed 
for a blocked comparison of two storage condi-
tions and two processing scenarios. One ham of 
each pair was stored non-frozen (30°F) and one 
was stored frozen (-10°F). Hams were divided in 
half, which allowed for two processing scenarios, 
one of which was intended to improve the func-
tional quality of this pork over a second, conven-
tional processing method. 
After surface fat and connective tissue were re-
moved, each ham muscle was vacuum packaged 
and stored for approximately one month unfro-
zen or frozen to compare the storage treatments. 
After storage, each ham was ground through a three-
quarter-inch plate, and pH was determined. Non-
meat ingredients were mixed with one ham of each 
pair, to simulate the levels of ingredients conven-
tionally added to cured hams in the United States 
(e.g., 25% injection above green ham weight), with 
the identity of each ham mixture being maintained. 
To the other ham of each pair, a solution designed 
to maximize the pH and water-holding capacity 
of meat was added to the ground meat. 
The solutions consisted of the following: 
Conventional solution: 
28% water, 2% sodium chloride, 0.5% sodium 
tripolyphosphate I hexametaphosphate mixture, 
0.020% sodium nitrite, and 0.055% sodium erythor-
bate. 
Test (NaOH) solution: 
28% water, 2% sodium chloride, 0.5% sodium 
tripolyphosphate I hexametaphosphate mixture, 
0.020% sodium nitrite, 0.055% sodium erythorbate, 
and 0.125% sodium hydroxide. 
There was one difference in the curing solutions 
between storage treatments. Sodium nitrite and 
erythorbate were only present in the curing solu-
tions of those hams that were frozen. Therefore, 
no nitrite or erythorbate (-N02) was a confound-
ing variable with unfrozen hams in this project. 
After mixing, samples of each ham I treatment 
were stuffed into pre-smoked, fibrous casings, 
fully cooked to an internal temperature of 155°F, 
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chilled, and vacuum packaged. After cooking, pH, 
cooking yields, cured internal color (Minolta L *, 
a*, and b*), and package purge were determined 
for each ham/treatment. Vacuum-packaged ham 
slices were stored for four to six weeks, to deter-
mine the content of accumulated purge in pack-
ages over time. 
A sensory panel study was also conducted on 
the frozen processed hams from both chemical 
treatments to evaluate sensory effects of ham from 
RN- pigs and the effects of using Na OH to improve 
RN- meat quality. Half of the ham samples were 
controls and the other half were samples with 
0.125% NaOH. Each of the eight semi-trained 
members of the taste panel was served 66 samples 
of ham over four days. The panelists evaluated the 
sensory attributes of juiciness, tenderness, ham fla-
vor intensity, and off-flavor intensity. An eight-
number scoring scale was used, with one being 
the lowest score and eight being the highest. 
A second study (phase 2) was also conducted 
on eight paired hams obtained from Herman Fal-
ter Packing Co., Columbus, Ohio. Glycolytic po-
tential was measured at The Ohio State Univer-
sity; however, animals were not able to be classi-
fied in low and high GP groups due to the low 
number of hams selected for the study. Hams were 
processed in the same methods as the first study 
except all hams were processed at the same time, 
under the same conditions, and all hams contained 
nitrite and erythorbate. Package purge and pH 
were also measured after storage treatment. 
Results and Discussion 
Hams from high GP animals were found to have 
decreased pH, cooking yield, and Minolta L * (light-
ness) value compared with low GP animals. Hams 
from RN- animals also had increased Minolta b* 
(yellowness) value and tenderness (conventional 
solution only). No differences in Minolta a* (red-
ness) value, cured-product package purge, juici-
ness, ham-flavor intensity, and off-flavor intensity 
were found between GP groups. 
The decrease in Minolta L * value of hams from 
RN- pigs was in contrast to previous research 
where RN- pigs were found to possess paler meat 
color (Enfalt et al., 1994; LeRoy et al., 1996; 
Lundstrom et al., 1996). However, most of this re-
search studied fresh meat and Longissimus dorsi 
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muscle. Ellis et al. (1997) reported lower Minolta 
L * values in the Gluteus Medius of the ham from 
RN- compared to rn+ animals, supporting the re-
sults from this study. 
Both the freezing treatment and NaOH treat-
ment were found to significantly increase the pH, 
cooking yield, and decrease Minolta L *and b* val-
ues of cooked hams (Table 1 ). The significant 
increase in pH of hams treated with NaOH was 
expected, as NaOH is a strong base. The signifi-
cant increase in cooking yield from NaOH addi-
tion supported previous research where higher 
cooking yields were observed with the addition 
of NaOH (Knipe et al., 1988; Anjaneyulu et al., 
1990). Phase 2 results (Table 2) supported the in-
creased cooking yield results of phase 1. The in-
crease in cooking yield from both the frozen and 
Na OH treatments was found to be greater in hams 
from RN- animals than rn+ animals (Figure 1 and 
2). This is important if more comparable cooking 
yields between GP groups are desired. Sutton 
(1997) supported this research by reporting com-
parable cooking yields of pork from RN- and rn+ 
animals, in buffered protein gels. 
Table 1. Phase 1 Storage and Chemical Treatment Effects on Cured, Cooked Ham Quality 
Attributes at Mean Glycolytic PotentiaP. 
Non-Frozen (-N02) Frozen 
Variable Control Na OH Control 
Cooked pH2 5.77• 6.13b 5.92< 
Yield 88.22• 90.76b 90.59b 
L* 64.81" 63.57b 64.07< 
a* 10.11" 10.35• 14.81b 
b* 8.02· 7.81• 6.80b 
Package Purge3 2.78• 3.03• 1.2Ih 
Package Purge4 6.87• 7.16• 3.96b 
1 Data reported at mean glycolytic potential (225.05 µmol/ g) across all hams (n = 132). 
2 Means followed by different letters in the same row are different, P < 0.05. 
3 Package purge measured by pouring out purge. 
4 Package purge measured by pouring out purge and patting dry each ham slice. 
Na OH SE 
6.29d 0.02 
92.61< 0.39 
62.07d 0.22 
15.0lb 0.19 
5.95< 0.09 
1.37b 0.14 
4.18b 0.29 
Table 2. Phase 2 Storage and Chemical Treatment Effects on Cured, Cooked Ham Quality 
Attributes at Mean Glycolytic PotentiaP. 
Non-Frozen Frozen 
Variable Control Na OH Control 
Cooked pH2 6.21" 6.57b 6.27• 
Yield 92.72• 94.03b 93.60b 
L* 61.89• 61.57• 61.65• 
a* 15.73• 15.57• 15.82• 
b* 5,93acd 5.27b 6.13< 
Package Purge3 1.38• 1.39• 1.37• 
Package Purge4 2.42• 2.79• 2.41" 
1 Data reported at mean glycolytic potential (92.44 µmol/ g) across all hams (n = 32). 
2 Means followed by different letters in the same row are different, P < 0.05. 
3 Package purge measured by pouring out purge. 
4 Package purge measured by pouring out purge and patting dry each ham slice. 
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Na OH SE 
6.57b 0.04 
95.27< 0.22 
60.31b 0.56 
16.06• 0.24 
5.72d 0.09 
1.08• 0.19 
1.85• 0.36 
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Figure 1. Two-way interaction (storage*genotype) on 
the cooking yield of cured, cooked ham. 
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Figure 2. Two-way interaction (chemical treatment * 
genotype) on the cooking yield of cured, cooked ham. 
The decrease in Minolta L * from frozen storage 
was found to be greater in the lighter colored hams 
of rn+ animals (Figure 3). The lowest Minolta L * 
values were found in those hams treated with fro-
zen storage and NaOH (Table 2). Frozen hams 
were also found to possess significantly less pack-
age purge after raw and cured product storage. 
The decrease in cured-product package purge from 
frozen storage was found to be greater in the hams 
of rn+ animals (Figure 4). 
No significant differences were seen between 
low and high GP groups for any of the four sen-
sory characteristics. However, high GP animals 
showed trends towards higher juiciness and ten-
derness. Sensory results of NaOH-treated hams 
found significantly more tenderness and juiciness 
than controls (Table 3). Increased juiciness was also 
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Figure 4. Two-way interaction (storage*genotype) on 
package purge (pour) of cured, cooked ham. 
reported in NaOH-treated beef rolls, compared to 
controls, in previous research (Moiseev and 
Cornforth, 1997). 
For those hams processed with the conventional 
solution, a significant increase in tenderness was 
observed for hams from RN- animals (Figure 5). 
However, when NaOH was added, an increased 
and more consistent tenderness was observed 
across GP. No significant difference was found 
between chemical treatments for ham-flavor inten-
sity and off-flavor intensity, indicating panelists 
were unable to detect any off-flavor or loss of ham-
flavor which may accompany the addition of 
NaOH. 
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Table 3. Chemical Treatment Effects on Sensory Attributes of Cured, Cooked Ham. 
Sensory Attributes1'2 Control Na OH SE 
Juiciness 5.21" 5.48b 0.11 
Tenderness 5.46• 5.70b 0.11 
Ham-Flavor Intensity 5.53• 5.41• 0.10 
Off-Flavor Intensity 3.21• 3.15• 0.15 
1 Means followed by different letters in the same row are significantly different, P < 0.05. 
2 Juiciness, 8 = extremely juicy, 1 = extremely dry; Tenderness, 8 =extremely tender, 1 = extremely tough; Ham-Flavor 
Intensity, 8 =extremely intense, 1 = extremely bland; Off-Flavor Intensity, 8 = extremely intense, 1 = extremely bland. 
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Figure 5. Two-way interaction (chemical treatment * 
genotype) on the tenderness of cooked, cured ham (rn+ 
= normal ham and RN·= ham with Napole gene). 
Conclusions 
Hams from RN· pigs showed advantages of 
darker cured color and increased tenderness. The 
increased pH, cooking yields, and decreased light-
ness observed after treatments of Na OH and fro-
zen storage indicate that both are effective for im-
proving the quality of meat from RN· animals, and 
to a smaller degree, rn+ animals. The tenderness 
and juiciness preferences reported by taste panel-
ists for NaOH-treated hams supplement the im-
proved cooking yields and color. The addition to 
hams of frozen storage and treatment with 0.125% 
NaOH would be very beneficial to pork proces-
sors. Not only do these treatments help to decrease 
the difference in the quality of meat between RN-
and rn+ pigs, they also slightly improve the qual-
ity of meat from rn+ pigs. 
llitliliftiJibftllrnfl§Ul!!j Department of Animal Sciences 54 
References 
Anjaneyulu, A. S. R., Sharma, N., and Kondaiah, 
N. 1990. Specific effect of phosphate on the func-
tional properties and yield of buffalo meat patties. 
Food Chemistry 36: 149-154 . 
Ellis, M., McKeith, F. K., and Sutton, D.S. 1997 . 
Proceedings for the Pork Quality Summit. July 8 
and 9. Des Moines, Iowa. p . 49- 64. 
Enfalt, A. C., Lundstrom, K., Lundkvist, L., 
Karisson, A., and Hansson, I. 1994. Technological 
meat quality and the frequency of the RN- gene in 
purebred Swedish Hampshire and Yorkshire pigs. 
40th IcoMST. 
Knipe, C. L., Olson, D. G., and Rust, R. E. 1988. 
Effects of inorganic phosphates and sodium hy-
droxide on the cooked cured color, pH and emul-
sion stability of reduced-sodium and conventional 
meat emulsions. J. Food Science. 53: 1305-1308. 
Le Roy, P., Juin, H., Caritez, J. C., Billon, Y., 
Lagant, H., Elsen, J.M., and Sellier, P. 1996. Effet 
du genotype RN sur les qualites sensorielles de la 
viande de pore. Jounees Rech. Porcine en France. 28: 
53- 56. 
Lundstrom, K., Andersson, A., and Hansson, I. 
1996. Effect of the RN- gene on technological and 
sensory meat quality in crossbred pigs with Hamp-
shire as terminal sire. Meat Science. 42: 145- 153. 
Moiseev, I. V. and Cornforth, D. P.1997. Sodium 
hydroxide and sodium tripolyphosphate effects on 
bind strength and sensory characteristics of re-
structured beef rolls. Meat Science. 45(1): 53- 60. 
Acknowledgments 
This project was made possible by support from: 
National Pork Producers Council 
Ohio Pork Producers Council 
Hampshire Swine Registry 
National Swine Registry 
1999 Research and Reviews 
Effect of Different Garlic Products 
on Chinese-Style Sausage 
H. W Ockerman1 and Y M. Sun 
The Ohio State University Department of Animal Sciences 
Abstract 
Reduction of nitrite from 150 to 75 ppm resulted 
in an increase in total plate count organisms but 
no change in the oxidation of the product. No dif-
ference was found between fresh garlic, garlic 
powder, or essential oil of garlic for oxidation 
values or total plate count microorganisms, but oil 
of garlic resulted in the lowest acceptability scores. 
There was no evidence that addition of garlic could 
be used to reduce the bacterial level in sausage. 
Introduction 
Sausages are very common and popular pro-
cessed meat products manufactured from lower-
value trimmed meat to produce a higher-value 
product. Food additives are used to accomplish 
certain functions such as coloring, antimicrobial, 
antioxidative, preservation, improved nutrition, 
increased emulsification, and altered flavor. Gar-
lic, which is available in three different forms 
(fresh, dehydrated, and extracted), is one of the 
most common spices which is frequently used in 
Chinese-style sausage. There are a lot of reports 
concerning the antibacterial and antioxidant effects 
of garlic on meat products (Juri-Haldeman et al., 
1987; Al-Delaimy and Barakat, 1970; Dewit et al., 
1978; Kourounakis and Rekka, 1991; Lin et al., 1991; 
El-Khateib and El-Rahman, 1987; Lois, et al., 1987; 
1 For more information, contact at: The Ohio State Univer- . 
sity, 15 Animal Science Building, 2029 Fyffe Road, 
Columbus, OH 43210, 614-292-4317, fax 614-292-2929; 
e-mail: ockerman.2@osu.edu 
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Ismaiel and Pierson, 1990). However, these effects 
have not been studied in Chinese-style sausage. 
Due to health concerns of some related to the re-
action products of nitrite used in meat products 
and a desire to lower the level of nitrite, different 
forms of garlic were added to Chinese-style sau-
sage to evaluate the flavor, color, antimicrobial, and 
antioxidant effects at two different nitrite levels (75 
ppm and 150 ppm [normal]). 
Materials and Methods 
Boneless pork shoulders were trimmed (fat and 
lean trimmings separately) and ground through a 
0.95 cm plate. Ground lean and fat were combined 
at a ratio of 4:1. Then, nitrite (75 or 150 ppm), salt 
(1.7% ), seasoning (0.5% MSG, 8% sugar, 2% rice 
wine, 0.2% sodium polyphosphate) and spice (5% 
fresh garlic, 1.2% garlic powder, or 0.006% garlic 
essential oil) were added into the meat and thor-
oughly mixed. Farrell (1990) stated that "commer-
cial oil of garlic, undiluted, has 200 times the 
strength of dehydrated garlic or 900 times the 
strength of fresh garlic." In this study, 5% of fresh 
garlic was chosen due to the results of the study 
of El-Khateib and El-Rahman (1987) who found 
that this quantity of garlic was more efficient at 
inhibiting bacteria than other treatments. And 
since 5% of fresh garlic has been reported to be 
equal to 0.006% undiluted commercial garlic oil 
and equal to 1.2% garlic powder, these levels were 
used as treatment levels in this research. 
Seasoned meat was cured at 4QC for one day for 
flavor and color formation and then stuffed into 
edible 2 cm diameter artificial collagen casings. 
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Figure 1. Experimental design. 
21 28 
Sausages were dried at 50 to 55QC for 18 hours and 
then vacuum-packed in sterile bags and were 
stored at 4QC. 
The following evaluations were performed on 
the sausage products - thiobarbituric acid (TBA), 
total anaerobic plate count (TPC), pH, and sensory 
panel test (Figure 1 ). This is a 2 X 4 (X 5 or X 7) 
factorial experiment in a randomized complete 
block design. All the data were analyzed by analy-
sis of variance (AN OVA) and significant difference 
determined by F-test (SAS, 1985). The means of 
treatments were evaluated by the Duncan proce-
dures in the Statistical Analysis System (SAS, 1985). 
Results and Discussion 
The TBA Analysis 
There was no significant two- or three-way inter-
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action in TBA values, and no significance was 
found when comparing to 75-ppm and 150-ppm-
nitrite-added groups (Table 1). These latter results 
were unexpected since nitrite has been reported 
as a very effective antioxidant in meat products 
(Ockerman, 1986); however, 75 ppm of nitrite may 
be sufficient for this purpose in vacuum-packaged 
products. There was also no significant difference 
due to garlic treatments, and again, this was un-
expected since garlic has been reported to be a 
modest antioxidant in sausage items (Farrell, 1990). 
The TBA values also did not increase during the 
28 days of storage, probably also due to the 
vacuum packaging. All the sausage samples indi-
cated that there was little oxidation occurring with 
TBA values ranging from 0.15 to 0.20 g I kg. A value 
of 1.0 g/kg is usually considered to be the begin-
ning of noticeable oxidation (Ockerman, 1986). 
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Table 1. Main Effects of Nitrite, Different Garlic Treatments, and Time on TBA (Thiobar-
bituric Acid) Values, TPC (Total Plate Count) Numbers, and pH Values on Chinese-Style 
Sausage.1 
Nitrite Treatment 
75ppm 150ppm c F p 0 
TBA 0.18· 0.18• 0.17a 0.20· 0.20· 0.17• 
TPC2 4.36• 4.05b 4.24• 4.17• 4.29• 4.13• 
pH 6.40b 6.43• 6.42b 6.45• 6.4P 6.39( 
Storage in Days 
0 2 4 7 14 21 28 
TBA 0.20· 0.20· 0.18•b 0.15b 0.18•b 0.15b 0.20· 
TPC2 4.23• 4.33• 4.06• 4.26• 4.25• 4.12• 4.18• 
pH 6.41 cd 6.43bc 6.47• 6.45•b 6.39d 6.39d 6.38d 
C =control (no garlic), F =fresh garlic (5%), P =garlic powder (1.2%), 0 =Garlic essential oil (0.006%). 
TPC is expressed as CPU I g on a log10 basis. 
•,b,c Means with different superscript letters in the same row for nitrite or treatment or storage time are significantly 
different (P < 0.05). 
Total Plate Count (TPC) Numbers 
No two- or three-way interaction was found for 
TPC numbers, and the 75-ppm-nitrite-added 
group had significantly higher TPC values than 
the 150-ppm-nitrite-added group as would be ex-
pected due to the antimicrobial effect of nitrite. 
There was no significant difference found for dif-
ferent garlic treatments, and no difference found 
during storage at 4QC, both of which were unex-
pected since reports (Jurdi-Haldeman et al., 1987) 
indicate that garlic has antimicrobial properties. 
However, the drying, nitrite, salt, wine, and 
vacuum packaging combination may help to in-
hibit bacteria growth. All the TPC numbers of the 
sausage samples were less than 106 CFU I g (an in-
dex number of spoilage [Wang, 1992]) and would 
suggest that microbial growth did not cause spoil-
age of these samples. Since TPC numbers de-
creased with nitrite level and were not different 
due to treatment, this would not suggest reducing 
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the nitrite level in this product simply by adding 
garlic. 
The pH Value 
There was no two- or three-way interaction for 
pH values, and the group with 150-ppm nitrite had 
significantly higher pH values than that of the 75-
ppm-nitrite-added group (Table 1 ). This was prob-
ably due to the greater growth of lactic acid bacte-
ria in the 75-ppm nitrite treatment (Jay, 1991). The 
fresh garlic treatment resulted in higher pH val-
ues than all other treatments, with the garlic-es-
sential-oil-added treatments having the lowest 
values. The pH values of all treatments showed 
no consistent change with storage time. 
Sensory Evaluation 
There was no two- or three-way interaction 
found among any sensory evaluation items, and 
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Table 2. Main Effects of Nitrite, Different Garlic Treatments, and Time on Sensory Proper-
ties of Chinese-Style Sausage.1 
Nitrite Treatment 
75ppm 150 ppm c F p 0 
Red color2 5.49• 5.5o· 5.5o· 5.34• 5.44• 5.51• 
Garlic flavor3 4.65• 4.76• 3.41< 6.77• 4.45b 4.19b 
Juiciness4 5.72• 5.53• 5.54• 5.78• 5.60• 5.59• 
Textures 5.59• 5.46• 5.43• 5.60• 5.57• 5.49• 
Oxidation6 6.28• 6.36• 6.21· 6.55• 6.29• 6.24• 
OveralF 6.05· 5.92• 6.oo· 6.08· 6.18• 5.69b 
Storage Time in Days 
0 7 14 21 28 
Red color2 5.97• 6.oo· 5.25b 5.00b 5.24b 
Garlic flavor3 5.26• 4.73b 4.52bc 4.10< 4.90•b 
Juiciness4 5.83• 6.08· 5.84• 5.23b 5.14b 
Textures 5.78b 6.10• 5.71b 5.04< 4.98< 
Oxidation6 6.83•b 6.95• 6.37bc 6.13< 5.32d 
OveralF 6.26•b 6.56• 6.05b 5.65< 5.42< 
C =control (no garlic), F =fresh garlic (5%), P =garlic powder (l.2%), 0 =Garlic essential oil (0.006%). 
Red color: 1 = extremely dark, 9 =extremely light. 
Garlic flavor: 1 = extremely bland, 9 = extremely garlic flavored . 
Juiciness: 1 =extremely dry, 9 = extremely juicy. 
Mouth feel texture: 1 =extremely fine, 9 = extremely coarse. 
Oxidation: 1 = extremely rancid flavor, 9 =extremely nonrancid flavor. 
Overall acceptability: 1 = very low overall acceptance, 9 = very high overall acceptance. 
a,b,c,d Means with different superscript letters in the same row for nitrite, treatment, or time are significantly different (P < 
0.05). 
no differences were found between 150-ppm and 
75-ppm-nitrite-added groups for any sensory 
evaluations (Table 2). This is not as would be ex-
pected, since nitrite has been reported to affect 
cured color and flavor, but in a dried, highly spiced 
product, 75 ppm of nitrite may be sufficient. No 
differences were found for color, juiciness, texture, 
or oxidation for the different garlic treatments. 
Fresh garlic treatment had a higher garlic flavor 
value than that of garlic powder and garlic essen-
tial oil treatments, and all the garlic treatments had 
higher garlic flavor than the control which would 
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be expected. However, the garlic flavor for the 
garlic treatments should have been the same if the 
flavor ratio given in the literature was accurate 
(Farrell, 1990) or if the garlic used in this research 
was of average potency. The garlic-essential-oil 
treatment had lower overall acceptability values 
than the other three treatments. This was probably 
due to the oil extraction, where only a portion of 
the flavor profile of the fresh garlic was extracted, 
and this flavor might be unfamiliar or not as ac-
ceptable to some panelists. Also, garlic oil had a 
lower pH value than the other additives, which 
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might have given a bitter flavor. Garlic flavor 
strength maintained a fairly stable level during the 
storage period. However, the scores of all sensory 
items decreased slightly as storage time increased 
(Table 2) as would be expected. 
Summary 
No difference was found in yield, protein, and 
fat contents of both 75-ppm and 150-ppm nitrite 
groups. The utilization of 75 ppm of nitrite resulted 
in lower pH but higher TPC numbers than those 
of the 150 ppm nitrite-added group, but no sig-
nificant difference in TBA values and sensory 
evaluation were found. The fresh garlic treatment 
showed higher pH and more intensive garlic fla-
vor than the other treatments. No difference was 
found among all garlic treatments in TBA values 
and TPC numbers. No difference was found for 
all sensory evaluations due to garlic treatments 
except for the garlic-essential-oil treatment, which 
had a lower overall acceptability. 
The pH value and sensory evaluation scores de-
creased with time, but no change was found in TBA 
values and TPC numbers during storage time. 
Since bacteria numbers increased with lower 
nitrite levels and no improvement was found in 
TBA values or bacteria numbers with adding gar-
lic, there is no evidence that adding garlic to 
Chinese-style sausage under conditions used in 
this research should be utilized as a reason to de-
crease the nitrite level. 
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Abstract 
Dry-cured ham fungal flora is primarily com-
posed of strains of the genus Penicillium. Twenty-
two strains of this genus were evaluated under 
different conditions of temperature and relative 
humidity for their positive influence on flavor. The 
results indicated that two strains of P. chrysogenum, 
two strains of P. camemberti, and one strain of 
P. aurantiogriseum had a positive influence under 
all tested conditions. The best results from the tech-
nological point of view were obtained using 
P. camemberti and P. aurantiogriseum at low tem-
peratures (3-8°C). 
Introduction 
Improving the technological basis for Spanish 
ham (jam6n) production is a very important goal 
as this product is of high economic value to the 
meat-processing industry. One of the steps that in-
fluence the quality of jam6n is the final aging of 
hams in a bodega, a traditional place, usually un-
derground, very similar to wine cellars. During ag-
ing in the bodega, the jam6n surface is usually cov-
ered by molds, a specific strain for each process-
ing area. 
Collaborative research with the University of Cordoba, 
Cordoba, Spain. 
1 For more information, contact at: The Ohio State Univer-
sity, 15 Animal Science Building, 2029 Fyffe Road, 
Columbus, OH 43210, 614-292-4317, fax 614-292-2929; 
e-mail: ockerman.2@osu.edu 
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Methods and Materials 
A total of 40 hams from different geographical 
areas, which included most of the commercial 
jam6n production in Spain, were analyzed and 
evaluated for types of mold, their influence on ham 
flavor, and the influence of temperature and hu-
midity on the mold properties. 
Results 
This study concludes that the fungal flora is 
mainly composed of strains of the genus Penicil-
lium. These results corroborate previous results of 
Rojas, 1994; Trigueros et al. , 1995; and Toledo et al., 
1997. Meat research workers Leistner and Ayres 
(1968), Leistner (1986), and Krotje (1992) reported 
that specific mold groups have a positive influ-
ence on the flavor development in meat products. 
In this study, 22 isolated strains from the genus 
Penicillium that presented initial morphological dif-
ferences were tested under different conditions of 
temperature and relative humidity for their posi-
tive influence on flavor. The initial results indicated 
that two strains of P. chrysogenum, two of P. 
camemberti, and one of P. aurantiogriseum have a 
positive influence on meat-product flavor under 
all of the tested combinations of temperature and 
relative humidity. These species have been isolated 
previously from meat products by Vayssier (1979), 
Huerta et al. (1987), and Rojas (1994). 
This research also included a further metabolic 
study of the selected strains under different con-
1999 Research and Reviews 
ditions of temperature and relative humidity. This 
was an attempt to obtain objective results in order 
to optimize the use of these microbial strains as 
starters in meat production. 
The five selected strains have been studied for 
their influence on flavor in a model meat system 
(ground meat with 10% salt in the water phase 
added) simulating the surface of jam6n during the 
bodega aging step. The study included changes in 
pH, NPN, free amino acids, ammonia N, acidity 
index of fat, peroxide index, and TBA index. The 
study also included monitoring the growth of bac-
terial populations (total microbial count and micro-
cocci). 
After analyzing the effects of conditions tested, 
it has been shown that time of incubation, inocu-
lated strains, relative humidity, and temperature, 
as well as the interaction of most of these condi-
tions, influenced the observed changes in the 
organoleptic and chemical studied parameters. 
The best results from the technological point of 
view were obtained using P. camemberti and 
P. aurantiogriseum at low temperatures (3 to 8QC). 
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Abstract 
Dry salt penetration into muscle tissue is not a 
simple process with a constant diffusion coeffi-
cient. In contrast to expected results, the majority 
of the salt penetration occurs late in the salting 
process. This penetration rate could be due to the 
time for moisture to escape from the tissue to form 
the initial salt brine. Salt penetrates through capil-
lary spaces, and at the same time salt can influ-
ence the tissue structure. It is important to moni-
tor this process closely since a balance has to be main-
tained between minimum salt level for preservation 
and a maximum salt level for sensory purposes. 
Introduction 
Spanish traditional jam6n is manufactured by 
salting and then drying and aging of pork hams 
for an adequate length of time to produce flavor. 
This process usually ranges from six months to two 
years. The most appreciated products are those 
prepared from hams of Iberico pigs, which are aged 
for at least 18 months. 
Processing of this type of ham (jam6n) starts at 
the salting step. In this traditional process, the 
green hams are buried in dry salt and kept in a 
* Collaborative research with the University of Cordoba, 
Cordoba, Spain. 
1 For more information, contact at: The Ohio State Univer-
sity, 15 Animal Science Building, 2029 Fyffe Road, 
Columbus, OH 43210, 614-292-4317, fax 614-292-2929; 
e-mail: ockerman.2@osu.edu 
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cold room for a variable length of time, based 
on the weight of the ham (i.e., x days per kg of 
green weight, with x being a specific value for each 
processor, depending on their historical empirical 
results). Using this procedure, it is common to see 
a great deal of variability among the same type of 
hams processed by the same processor. The hams 
with higher green weight usually contain more salt 
than the hams with the lower green weight (Crespo 
et al., 1991). These results seem inappropriate since 
most of the final organoleptic characteristics in this 
product depend on the salt content and the addi-
tional desired requirement of getting the appro-
priate amount of salt into the final product. 
The objective of this research is to establish a 
rational basis for the salting step of jam6n, which 
includes the evaluation of the effective diffusion 
coefficient of salt during this processing step. 
A recent reference attributes a unique diffusion 
coefficient for salt migration in ham processing that 
could be used to predict salt penetration during 
salting (Palmia, 1992). The model proposed has 
been tested against the results of experimental salt 
migration in jam6n. 
Material and Methods 
A total of 27 hams were salted in dry salt ac-
cording to the traditional Spanish method. First, 
the hams were rubbed with salt and then buried 
in three to four layers of dry salt. They were then 
maintained in a cool room at 3 to 5°C. Three hams 
were taken from the salting room every day dur-
ing the first five days, and then at 7, 9, and 11 days. 
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The salt penetration in hams was measured in 
cores of meat taken with a metallic hollow cylin-
der 3 cm in diameter, from the center of the lean 
meat part of the ham (under the coxal joint, close 
to the femur). These meat cylinders, with a mean 
length of 14 cm, were cut at regular depths of 2 cm, 
which resulted in seven equal sections. Each sec-
tion was analyzed for moisture and salt content 
according to the procedure reported by Ockerman 
(1985). 
The total amount of salt penetrating each cylin-
der at any time was evaluated as: 
with: 
M 0 = total kilograms of salt that penetrate per 
square meter at the surface of the cylinder. 
ci. = % (w I w) of salt in each "meat section" from 
1to7. 
The effective diffusion coefficient in each salting 
period was evaluated according to Crank (1957) 
from the total amount of salt penetrating per 
square meter at the evaluated zone: 
M = 2* c .- I D*t 
o o-\j ;r; 
with: 
and with: 
M 2 *;r; 
D= o 
4*c 2 *t 0 
c0 = salt concentration at surface [263.4 kg/m3-
taken from (Ockerman, 1991)] 
D =Diffusion coefficient (m2 I sec) 
t =time (sec). 
Results and Discussion 
The results obtained in this study establish that 
salt penetration during the salting step is not a 
simple process with a constant diffusion coeffi-
cient. 
The total amount of salt penetrating each day 
in jam6n is presented in Figure 1. It is possible to 
see that that there is a complex penetration pat-
tern and most of the salt penetrating the jam6n tis 
iiifj.Jilfiht)ll.!!iifo!ij Department of Animal Sciences 63 
5 
4 
~3 
er 
U) 
-~2 
::!;; 
2 4 6 
Days 
8 
0 
10 12 
Figure 1. Total amount of salt penetrating in Spanish 
Jamon during salting. 
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Figure 2. Apparent diffussion coeficient (D) of salt in 
the Jamon salting step. 
sue occurs at the end of the salting process. These 
are not the expected results since the differences 
in salt concentrations are much higher at the be-
ginning of the salting process. 
To further clarify these results, the apparent D 
values were calculated and presented in Figure 2. 
It is possible to see that the D value changes dur-
ing the salting step in a rather complex pattern. 
The D values calculated from our results in the 
first day were lower than the normal effective dif-
fusion coefficient found for fresh pork by Fox 
(1980) and were further reduced in the following 
days to very low values until the 11th day of salt-
ing. Then the effective coefficient of diffusion in-
creased to values close to those found in the lit-
erature. 
The low initial results might be due to the time 
required for the initial brine formation outside the 
ham tissue. Initial salt penetration in meat requires 
1999 Research and Reviews 
that water from the product escapes from the ham 
to create a brine solution. According to Saravacos 
(1994), in salting food products, complex mecha-
nisms operate. In addition to the simple diffusion 
due to the differences in concentration, salt diffuses 
into meat tissues due to osmotic processes in the 
membranes, flowing through capillary spaces be-
tween fibers and hydrodynamic flow (Bruin and 
Luyben, 1980). It is also necessary to realize that 
salt can influence the tissue structure (Raoult Wack, 
1994). 
In fact, the existence of "speeding paths" into 
meat tissues would explain the relative high D 
value for salt in meat vs. the D value for salt in 
water (Saravacos, 1994). As salt diffuses into the 
tissues, there is an interaction with meat proteins 
that increases their WHC (Hamm, 1960). As pro-
teins hydrate, there is a "closing" of the paths for 
salt penetration, and a very low D value is obtained 
until the salt concentration reaches 6 to 8%. When 
the salt content further increases as diffusion pro-
ceeds, proteins shrink and the paths again open, 
increasing the D value. 
These results are very significant in ham pro-
cessing since it suggests that most of the salt pene-
tration during ham salting occurs at the end of the 
salting process. Therefore, it is necessary to main-
tain close control at the end of the salting step, to 
be able to obtain at least the minimum salt level 
required for processing, as well as to avoid too 
much salt in jam6n. 
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Effects of Anka Rice, Nitrite, 
and Phosphate on Warn1ed-Over Flavor 
in Roast Beef 
H. W Ockerman 1 and J. H. Cheng 
The Ohio State University Department of Animal Sciences 
Abstract 
Warmed over flavor in cooked beef is primarily 
due to the oxidation of lipids, particularly 
phospholipids located in the lean tissue mem-
branes. Anka rice did not inhibit lipid oxidation 
(thiobarbituric acid values) during surface curing 
but may have masked rancidity in cooked and 
cooled beef. But anka rice plus nitrite and phos-
phate (A+N+P) improved sensory evaluation and 
seemed to have a synergistic effect on flavor dur-
ing refrigerated storage and proved to be the most 
desirable treatment for re-cooked beef. 
Introduction 
Warmed-over flavor (WOF) of cooked beef is 
primarily due to oxidation of lipids, particularly 
phospholipids located in lean tissue membranes. 
Many researchers have indicated that chelators 
help inhibit WOF in cooked beef. In the Orient, 
Chinese roasted pork is a very popular warmed-
over food that uses deep dark-red anka rice as a 
coloring agent and to increase flavor. 
The purposes of this study were to compare the 
effects of anka rice (A), phosphate (P), and nitrite 
(N) alone and in combination on WOF in roast beef; 
to compare the effects of these ingredients added 
in a curing solution only applied to the surface; 
and the effects on specific characteristics in roast 
beef during refrigerated storage. 
1 For more information, contact at: The Ohio State Univer-
sity, 15 Animal Science Building, 2029 Fyffe Road, 
Columbus, OH 43210, 614-292-4317, fax 614-292-2929, 
e-mail: ockerman.2@osu.edu 
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Materials and Methods 
Experimental Design 
The experimental design is shown in Figure 1. 
All treatment samples after cooking were stored 
at 4°C until measured for chemical analysis, oxi-
dation, and physical characteristics at 0, 2, 4, 7, and 
10 days of refrigerated storage after reheating, and 
microbial analysis was conducted on the same 
days without reheating. Sensory evaluation was 
tested at 0, 2, 4, and 7 days of refrigerated storage 
after reheating. 
Chemical Analysis 
Moisture analysis was performed by the oven 
drying method (Ockerman, 1985). Fat analysis was 
determined by the AOAC method of ether extrac-
tion (Ockerman, 1985). The pH values were mea-
sured on 1to10 diluted samples using a Corning 
pH meter (Ockerman, 1985). 
Thiobarbituric Acid (TBA) Value 
The samples of all treatments were separated 
into nonpeeled (whole tissue) and peeled (center 
tissue only) samples before the modified extrac-
tion/ filtration TBA method (Pensel, 1990) was con-
ducted. 
Physical Measurements 
Shear value was measured by the Warner-
Bratzler shear instrument (Ockerman, 1985). The 
modified centrifuge technique (Tsai and Ocker-
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Bottom Round Roast Beef (4 x 4 x 10 cm) 
I 
pa Cb pc Nd NP Ae AP AN 
(1) (2) (3) (4) (5) (6) (7) (8) 
Surface cured at 4QC for 4 hours 
I 
Roasted in an oven at 204QC (Internal Temperature) 
I 
Microbial analysis at 0, 2, 4, 7, 10 days 
I 
Reheated in a microwave for 1.5 minutes (Internal Temperature 71QC) 
I 
Removed external layers (5 mm) 
Peeled samples (internal muscle) 
I 
Nonpeeled samples 
(whole muscle) 
I 
TBN Test at 0, 2, 4, 7, 10 days 1. TBA Test at 0, 2, 4, 7, 10 days 
2. Chemical Analysis at 0 days 
ANP 
(9) 
3. Physical Measurement at 0, 2, 4, 7, 10 days 
a. F 
b. c 
c. p 
d. N 
e. A 
£. TBA 
Figure 1 . Experimental Design 
4. Sensory Evaluation at 0, 2, 4, 7 days 
Fresh; treatment was not cured (no additive used) 
Control; treatment was cured (additive used) without phos-
phate, nitrite, or anka rice 
Sodium Tripolyphosphate (additive used) 
Sodium Nitrite (additive used) 
Anka Rice (additive used) 
Thiobarbituric Acid 
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man, 1981) was used to evaluate water-holding 
capacity (WHC). 
Sensory Analysis 
The sensory panelists were asked to score 
warmed-over flavor, warmed-over aroma, roast 
beef flavor, juiciness, and tenderness, utilizing a 
9-point scale. 
Total Plate Count (TPC) Method 
TPC procedure (Speck, 1984) was used to mea-
sure microbial growth of samples, which were not 
reheated after refrigerated storage on the day of 
test. 
Statistical Analysis 
Data was analyzed by the Statistical Analysis 
System (SAS) to compute analysis of variance 
(ANOVA) and correlation coefficients (SAS, 1994). 
Duncan's multiple range test from SAS was used 
for comparison of treatment means and across 
times (SAS, 1994). 
Results and Discussion 
The Peeled and Nonpeeled TBA Values 
The major tendency for peeled TBA values was 
a steady significant increase over time for all treat-
ments (Table 1 ). The peeled TBA values of the fresh 
treatment were significantly higher than all oth-
ers at four and seven days. At 10 days, the fresh 
and the control treatment had significantly higher 
TBA values than all other treatments. Of the other 
treatments, N and A+N treatments had the lowest 
peeled TBA values at 10 days. From two to 10 days, 
treatments that contained either P or N had sig-
nificantly lower peeled TBA values when com-
pared to the control treatment. When samples con-
taining these two additives were compared at the 
levels used, it would also suggest that N added to 
treatments gives more antioxidative protection 
than P. However, the antioxidant activity of A treat-
ment as measured by TBA values resulted in sig-
nificantly higher TBA values when compared to 
both P and N treatments over these times (seven 
to 10 days) suggesting only minimal antioxidant 
Table 1. Means of Peeled and Nonpeeled TBA1 Values During Refrigerated Storage 
of Roast Beef. 
Peeled TBA Non peeled TBA 
Day Day 
Treatments 0 2 4 7 10 0 2 4 7 10 
Fresh 0.19bcE 0.34ab0 o.s2ac 0.79aB 0.97aA 0.14eE 0.39•0 o.s2ac 0.84aB 1.Q7•A 
Control 0.26aE 0.37•0 0.47bC 0.64bB 0.95aA 0.22bcE 0.37ab0 0.45bC 0.75bB 1.02bA 
Phosphate (P) 0.23•0 0.26cd0 0.37cdC 0.55cdB 0.76cA 0.21bcdE 0.26cO 0.36cC 0.55cB 0.90dA 
Nitrite (N) 0.14dE o.27co 0.34dC 0.45fB 0.66dA 0.20cd0 0.26cC 0.3oec 0.41 dB 0.7SfA 
N+P 0.14dE 0.23dO 0.34dC 0.50eB 0.75cA 0.19cdE o.25co 0.32deC 0.54cB 0.86deA 
Anka rice (A) 0.23abE 0.33bO 0.41cC 0.66bB 0.85bA 0.26aE 0.36bO 0.44bC 0.76bB 0.98cA 
A+P 0.25•0 0.26cd0 0.38cdC 0.55cB 0.75cA 0.23ab0 o.24co 0.36cdC 0.56cB 0.85eA 
A+N 0.17cdE 0.28c0 0.34dC 0.45fB 0.66dA 0.18ctE 0.26cO 0.35cdC 0.45dB 0.76fA 
A+N+P 0.17cdE 0.25cd0 0.34dC 0.52deB 0.76cA 0.23ab0 0.26cO 0.34cdC 0.55cB 0.87deA 
a,b,c,d,e,r Means with different lowercase superscripts down the column are significantly different (P < 0,05), 
A,B,c,o,E Means with different uppercase superscripts across the row in either peeled or nonpeeled 
categories are significantly different (P < 0,05). 
1 TBA value means as mg malonaldehyde/kg sample. 
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activity. N and A+N treatments maintained sig-
nificantly lower peeled TBA values than other 
treatments - especially at seven and 10 days of 
storage. 
For nonpeeled TBA values A+P and A+N+P 
treatments did not increase significantly during 
this time frame (two to 10 days). At zero day, the 
nonpeeled TBA value of the fresh treatment was 
lower than the control treatment, and the reason 
is probably due to the catalytic activity of some 
ingredients (e.g., salt) in the surface curing which 
increased lipid oxidation. In general, all treatments 
increased in TBA over storage times as would be 
expected. Again, fresh treatment received the high-
est value from two through 10 days of storage and 
this difference was significant from all treatments 
except the control treatment at two days. The next 
highest TBA values over time were for control and 
A treatments, and these were significantly higher 
than other treatments. However, at 10 days, the 
control treatment was even higher than the A treat-
ment. Treatments with antioxidants (N and P but 
not A) had lower nonpeeled TBA values than the 
fresh and the control treatments from day two to 
10. When N was added to treatments instead of P 
the result would suggest that N had more anti~ 
oxidative properties to decrease nonpeeled TBA 
values. From days seven and 10, N andA+N treat-
ments received the lowest TBA values. At 10 days 
of refrigerated storage, the nonpeeled TBA value 
of anka rice treatment was closed to 1 mg/ kg, and 
fresh and control treatments were higher than 1.0. 
The correlation of peeled and nonpeeled TBA 
value was r = 0.97. The external surface has more 
extensive exposure to oxygen but also has more 
contact with additives, some of which should have 
antioxidative properties. In general, nonpeeled 
samples had higher TBA values, particularly late 
in st?rage, when compared to peeled samples, sug-
gestmg that oxygen content had a stronger influ-
ence on oxidation than antioxidative additives. 
Treatments with N contained in surface curing 
had lower peeled and nonpeeled TBA values than 
those with P, and N treatment surprisingly was 
even lower in TBA values than the combination of 
these two ingredients. Antioxidants did not stop 
the increase of peeled and nonpeeled TBA values 
completely, but slowed down lipid oxidation. 
Overall, there was no synergistic effect of A, N, 
and P on TBA values in roast beef. In both peeled 
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and nonpeeled TBA values, N and A were proven 
to be the most significant desirable treatments from 
a TBA standpoint. 
Warmed-Over Aroma (WOA) 
Lower WOA scores indicated more intense 
warmed-over aroma. At two days, the fresh, con-
trol, and A treatments had lower WOA scores com-
pared to other treatments. The results suggested 
that A used alone did not inhibit WOA at two days, 
but N and P did retard the development of WOA. 
This agrees with the A treatment in nonpeeled 
samples, which also had similar TBA values as the 
control treatment, and other antioxidant treat-
ments had lower TBA values compared to control 
treatment. From two to seven days, A used alone 
did not inhibit the development of WOA. This re-
sult also agreed with measurement of nonpeeled 
TBA values. At four days, WOA score of fresh treat-
ment was lower than that of control treatment. The 
control treatment had the same score as other treat-
ments except for N and A+N+P treatments. Treat-
ments with antioxidants, except for the A treat-
ment, had higher WOA scores than control treat-
ment at seven days. Both P and N treatments de-
creased WOA at seven days. These results sug-
gested that P and N inhibit the development of 
WOA in some cases, but that A did not. 
WOA scores of all treatments decreased over 
refrigerated time; therefore, all antioxidative ingre-
dients used in surface curing did not stop lipid 
oxidation but retarded its development. P, N, N+P, 
A+P, A+N, and A+N+P had more desirable WOA 
scores at seven days than did fresh, control, and A 
treatments. Only N and A+N+P treatments main-
tained higher WOA scores compared to control 
treatment from two to seven days. It would ap-
pear from both TBA values and warmed-over 
aroma results that N and P are retarding WOA 
development, and A may slightly mask it in some 
treatments. 
Warmed-Over Flavor (WOF) 
Lower WOF scores indicated more intense 
warmed-over flavor. Treatments with antioxidants 
(not including A treatment) had significantly more 
desirable WOF scores than the control treatment 
which had values similar to fresh and A treatment~ 
at two days. A alone added in surface curing did 
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not inhibit the development of WOF during short 
storage (two days) when compared to the control. 
At the fourth day, only N and A+N+P treatments 
had significantly more desirable WOF scores when 
compared to the control, which had a higher score 
than the fresh treatment. Some ingredients used 
in the control treatment retarded or masked (fla-
voring ingredients) the development of WOF com-
pared to fresh treatment at four days of refriger-
ated storage. At seven days of storage, all treat-
ments containing nitrite and tripolyphosphate in-
hibited WOF development, but A did not. These 
results agreed with nonpeeled TBA values. All 
WOF scores decreased among treatments over 
time. Although N and Padded in surface curing 
had more desirable WOF scores most days, they 
only retarded the development of WOF. 
Other Characteristics 
For Warner-Bratzler shear value, the fresh treat-
ment had the significantly highest shear value over 
time. Some ingredients in the control treatment 
decreased shear value more than others. P at best 
had only a moderate effect on shear value due to 
surface curing. For water-holding capacity, A and 
N, in general, did not increase water-holding ca-
pacity in roast beef over refrigerated storage time. 
However, all the treatments with A, N, and Pmain-
tained one of the highest WHC values over time. 
There was a nonsignificant treatment-time inter-
action for roast-beef flavor, juiciness, and tender-
ness scores by sensory evaluation. All sensory 
scores of these three attributes significantly de-
creased during refrigerated storage of roast beef. 
Microbial Growth (TPC) 
N and A added in surface curing retarded mi-
crobial growth, but phosphate alone did not pre-
vent it; however, it still inhibited microbes com-
pared to the control treatment. 
Conclusions 
A did not inhibit lipid oxidation of roast beef as 
measured by TBA values but A+N+P often re-
sulted in improved sensory evaluation (WOA and 
WOF) during refrigerated storage. This would 
suggest that under the conditions of this research 
A may have a flavor-masking effect on oxidation. 
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Some characteristics of roast beef (WHC, shear 
value, juiciness, tenderness) also were not im-
proved by A used in surface curing over time. 
Sodium tripolyphosphate added in surface cur-
ing retarded lipid oxidation as compared to the 
control treatment. Due to surface-curing samples 
with added sodium tripolyphosphate, the pH, 
moisture, and yield were not significantly affected. 
However, objective parameters such as WHC and 
shear value or sensory evaluation such as juiciness 
and tenderness scores, were slightly improved by 
this alkaline phosphate in roast beef during refrig-
erated storage. 
In several important characteristics, there 
seemed to be a synergistic effect among A, N, and 
P when used in surface curing and refrigerated 
storage. When comparing all evaluations, it cur-
rently would seem that the A+N+P is the most 
desirable treatment in retarding the development 
of warmed-over flavor and in retarding overall 
palatability of roast beef during refrigerated stor-
age. 
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Functional and Sensory Attributes 
of Normal pH Values 
in Sin Bull Muscles Depending 
on Titne of Cutting and Aging 
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Abstract 
No influence was found for cutting time (24 and 
48 hours post mortem [p.m.]) of the Semimembra-
nosus (Sm) bulls' muscles and aging time (up 96 
hours post mortem) on pH, cooking losses, domi-
nant wavelength, color purity, firmness, and ten-
derness. Considering higher lightness after 48 
hours p.m. and lower shear force after 48 and 72 
hours p.m. for Semimembranosus muscles cut 24 
hours p.m. than for those cut 72 hours p.m., it ap-
pears that muscles cut 24 hours p.m. should be 
directed to the retail trade. In further processing, 
it is necessary to take into account that the Semi-
membranosus muscle had the highest water-hold-
ing capacity after 48 hours, when cut 24 hours p .m., 
and after 72 and 96 hours p .m., when cut 48 hours 
p.m., which suggests a longer aging period for fur-
ther processed product. 
Introduction 
The Longissimus dorsi muscle (Ld) is the most 
frequently used muscle for estimating meat qual-
ity attributes. The Ld and Semimembranosus (Sm) 
muscle differ with regard to muscle metabolism 
(O'Halloran et al., 1997) and sensory properties 
* Collaborative research with the Agricultural University 
of Wroclaw, Poland. 
1 For more information, contact at: The Ohio State Univer-
sity, 15 Animal Science Building, 2029 Fyffe Road, 
Columbus, OH 43210, 614-292-4317, fax 614-292-2929, 
e-mail: ockerman.2@osu.edu 
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(Carmack et al., 1995; McKeith et al., 1985). Only a 
few studies have focused on the physical and sen-
sory properties of the Sm muscle of bulls. Some 
studies have included hot-boned and vacuum-
packaging storage up to 15 days (Hertzman et al. , 
1993; Olsson et al. , 1994), or cut from carcasses 7 
days (Hostetler et al., 1975) post mortem or cut 48 
hours p.m. and then vacuum stored up to 14 days 
(Fjelkner-Modig and Ruderus, 1983). 
It is common practice in meat processing to cut 
muscles from carcasses as early as possible. Polish 
legislation (8) requires that beef parts or cuts be 
aged no longer than 60 hours after excision at 24 
hours p.m. and should be maintained at a tem-
perature of 0 to 4 °C and a relative humidity of 90%. 
This research examined the influence of cutting 
time (24 and 48 hours p .m.) and aging time (up to 
96 hours p.m.) on functional and sensory attributes 
of normal pH (pH < 5.8) Sm muscle of bulls. 
Materials and Methods 
Investigation was made on Sm muscles taken 
from young bulls 24 hours and 48 hours p.m. after 
commercial slaughter and rapidly cooled in a 
Wroclaw, Poland, meat factory. At different 
periods, the Sm muscles with a pH< 5.8 were ex-
cised from the hindquarter from six different bulls. 
Each time the Sm muscles were wrapped in 
polythene bags and transported in a cooler to the 
laboratory and then stored at 2 to 4°C for up to 96 
hours p .m. After 24, 48, and 72 hours p.m., three 
2.5 cm thick steaks were cut, and after 96 hours 
p.m., one steak was cut from the Sm muscles cut 
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24 hours p.m. From Sm muscles cut 48 hours p.m., 
after 48, 72, and 96 hours p.m., three 2.5 cm thick 
steaks were cut. From the medium side of each 
steak, five to eight cores of 2 cm diameter and lcm 
thick were obtained. The cores were then covered 
by oxygen-permeable polyvinyl-chloride film and 
allowed to bloom for 60 minutes at 2 to 4 °C and 
utilized for lean-color analysis. The lean-color at-
tributes: 
Dominant wavelength: 
lambdad (nm)= 11.01 X [(R640 /R540) - 1] + 596.41 
Color purity: 
Pe<->= 0.105 X {0.1101[(R640 /R540-1)2 +0.5641 
[(R640 /R540 ) -1] + 1) + 0.293 
Lightness: 
Y<%> = 1.029 X R540 + 9.421 
were estimated by measuring reflectance at 540 
and 640 nm wavelengths with a Spectrophotome-
ter (Specol) equipped with R 45 I 0 attachment ac-
cording to the Tyszkiewicz (Tyszkiewicz, 1964) 
method. The remaining meat was ground through 
a 3 mm plate. The pH was measured with a meter 
by electrodes inserted into the ground meat. Water-
holding capacity (WHC) was expressed as percent 
of bound water (Wierbicki et al., 1962). A meat ho-
mogenate was obtained by homogenization of 15 
g of ground meat with 60 ml of 0.67 M NaCl at pH 
6.5 for 1 min at 4,000 rpm. It was used for determi-
nation of viscosity (Pax s) at a shear rate of Dr 16.2 
(s-1) with a Rotatory viscometer "Rheotest-2" with 
attachment H . 
The two remaining steaks in separate plastic 
bags were cooked in a water-bath at 80°C for 90 
minutes, cooled for 40 minutes, and weight loss 
was reported as percent cooking loss. After refrig-
eration for 18 hours, the steaks were cut into six 
sections (2 cm2) for sensory evaluation and into 
six to eight slices (3 x 2 x 2 cm length x width x 
depth) for Warner-Bratzler peak shear force (kg). 
Samples were evaluated by six trained judges 
based on a 7-point scale for flavor, 1 =extremely 
strong, 7 =extremely weak; juiciness, 1 =extremely 
juicy, 7 = extremely dry; firmness, 1 =extremely 
weak (soft), 7 =extremely firm; and tenderness, 1 
= extremely tender, 7 = extremely tough. 
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For each of six animals studied, multiple deter-
minations were obtained and analysis of variance 
(ANO VA) and Duncan's method were used to test 
differences (11 ). 
Results 
Sm muscles cut 24 and 48 hours p.m. which had 
an ultimate pH lower than 5.8 were treated as nor-
mal meat. The pH of Sm muscles cut both at 24 
and 48 hours p.m. did not change significantly dur-
ing the aging time (Table 1 ). A lack of pH change 
during aging was not reflected in WHC. Muscles 
cut 24 hours p.m. and after 48 and 96 hours p.m. 
storage had the highest WHC and were signifi-
cantly different from minimal WHC after 72 hours 
p.m. For the Sm muscle cut 48 hours p.m., WHC 
significantly increased after 72 hours p.m., and a 
further increase of WHC was not significantly dif-
ferent from the value of the WHC after 72 hours 
p .m. WHC of Sm muscles cut 48 hours p.m. in re-
lation to the WHC of Sm muscles cut 24 hours p.m. 
and after 72 hours was significantly higher by 
4.57%. No significant difference in cooking losses 
from Sm muscles cut 24 and 48 hours p.m. during 
aging were found despite significant changes in 
WHC of these muscles (Table 1). 
The lowest meat homogenate viscosity for Sm 
muscle cut after 24 and 48 hours p.m. was found 
after 72 hours p.m. of storage (Table 1). Viscosity 
of Sm muscles cut 24 hours p .m. compared to the 
viscosity of Sm muscles cut 48 hours p.m. was sig-
nificantly higher (2.84 to 4.31 times) at the corre-
sponding storage times. Based on the Borderias 
et al. (Borderias et al. , 1985) hypothesis, the changes 
in viscosity can be explained by different actomyo-
sin solubility. The lower meat homogenate viscos-
ity for Sm muscles cut 48 hours p.m. than for Sm 
muscles cut 24 hours p .m. can be explained by 
lower amounts of extractable actomyosin from 
these muscles. 
The color parameters (dominant wavelength 
and color purity) for Sm muscles cut 24 and 48 
hours p.m. did not change significantly during ag-
ing and were comparable for corresponding stor-
age times (Table 1 ). However, lightness of Sm 
muscles cut 48 hours p .m. increased during aging 
and after 96 hours p.m. the value was significantly 
higher than after cutting 48 hours p .m. Moreover, 
lightness of the Sm muscles cut 24 hours p.m. and 
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after 48 hours p.m. was higher by 1.42% than for 
the Sm muscles after cutting 24 hours p.m. and 
after 48 hours p.m. 
Within each muscle group up to 72 hours p.m. 
when cut 24 hours p.m., and up to 96 hours p.m. 
when cut 48 hours p.m., there were no significant 
differences in sensory attributes with only one ex-
ception (Table 1). The flavor intensity of steaks 
from Sm muscles cut 48 hours p.m. decreased dur-
ing storage and after 96 hours p.m. was signifi-
cantly different than after cutting 48 hours p.m. 
Moreover, the steaks from Sm muscles after cut-
Table 1. Means and Standard Deviations (sd) for Functional Properties and Color Parame-
ters of Semimembranosus (Sm) Muscles Cut 24 Hours Post Mortem (p.m.) and 48 Hours 
p.m. from Bull Carcasses and After Thermal Treatment for Shear Force and Sensory Char-
acteristics of Steaks During Cold Aging Up to 96 Hours p.m.1 
Parameter Aging Time (Hours Post Mortem) 
Sm Muscles Sm Muscles 
Cut 24 Hours p.m. Cut 48 Hours p.m. 
24 48 72 96 48 72 96 
pH 5.40 5.45 5.48 5.47 5.45 5.50 5.51 
(0.4) (0.05) (0.01) (0.01) (0.04) (0.05) (0.04) 
WHC2,% 5.96abc 8.25bcd 4.25a 7.96bcd 5.30ab 8.82cd 9.49d 
(1.72) (0.97) (1.36) (0.81) (1.89) (3.69) (1.65) 
Viscosity of 
meat homog., 255.88ab 270.27a 223.94b 231.08ab 95.12c 51.60d 62.30c 
Paxs (39.93) (51.59) (36.53) (18.06) (16.20) (17.27) (17.52) 
Cooking losses, 42.07 42.32 42.50 41.95 41.11 41.33 
% (0.99) (1.29) (1.27) (0.94) (1.28) (0.61) 
Dominant 
wavelength 635.71 635.52 639.19 636.53 637.88 639.79 637.00 
(lambda d ), nm (3.17) (3.66) (2.54) (2.42) (3.72) (2.46) (2.92) 
Color Purity (Pe), 0.761 0.756 0.804 0.768 0.784 0.812 0.777 
(0.057) (0.047) (0.034) (0.031) (0.050) (0.034) (0.039) 
Lightness (Y), 16.14ab 17.04a 16.34ab 16.95a 15.62b 16.16ab 17.50a 
% (1.30) (1.45) (0.85) (0.54) (0.93) (1.24) (0.65) 
Flavor 3.85ab 3_75abc 4.35a 3.14c 3.55bc 4.17ab 
(0.63) (0.68) (0.41) (0.69 (0.73) (0.75) 
Juiciness 4_35ac 3.90c 455abc 5.36b 4.8oab 4.75abc 
(0.82) (0.84) (0.69) (0.85) (0.92) (0.76) 
Firmness 5.72 5.40 5.36 5.42 5.38 5.00 
(0.57) (0.52) (0.67) (0.67 (0.52) (0.00) 
Tenderness 4.83 4.46 4.05 5.14 5.21 4.75 
(1.25) (1.08) (0.44) (0.6 (0.62) (0.99 
Shear Force 
(SF) 9.09ab 8.42b 7.49b 10.98a 10.51 a 10.78a 
(2.45) (2.25) (1.47) (2.27) (2.02) (1.50) 
1 Means with different superscripts in the same row are significantly different (P < 0.05). 
2 WHC =Water-holding capacity. 
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ting 48 hours p.m. were estimated as having sig-
nificantly higher flavor intensity than samples 
from the Sm muscles after cutting 24 hours p .m. 
and after aging for 72 hours p.m. The same rela-
tionship was found when comparing flavor after 
72 hours p.m. of storage for the Sm muscle cut 24 
and 48 hours p .m. respectively. 
On the other hand, steaks from the Sm muscles 
after cutting 48 hours p.m. were estimated as 
being less juicy than steaks from the Sm muscles 
after cutting 24 hours p .m. and after aging 48 hours 
p.m. These differences in juiciness evaluation of 
steaks did not correspond with the WHC values, 
which, for corresponding periods, were not sig-
nificantly different. 
The shear force (SF), which was lower within 
all examined periods for steaks from the Sm 
muscles cut 24 hours p.m. than for steaks from the 
Sm muscles cut 48 hours p.m., was not reflected 
by sensory estimation of the Sm steaks' tenderness, 
which was not significantly different for both cut-
ting and aging times. 
Discussion 
The lower lightness of Sm muscles after cutting 
48 hours p .m. than after aging up to 96 hours p.m. 
(Table 1) is consistent with results of Griffin et al. 
(Griffin et al., 1982) who found that the Sm of beef 
muscles after cutting three days p.m. had less 
brighter lean color than after nine days of muscle 
slices vacuum stored. 
The flavor intensity decrease found in steaks 
from the Sm muscles cut 48 hours p.m. (Table 1) 
during storage is not in agreement with findings 
of Fjelkner-Modig and Ruderus (1983) who found 
that steaks from the Sm bull muscles cut 48 hours 
p .m. and in slices vacuum stored were estimated 
as having more intense flavor after five and 14 
days. Although some authors found that flavor of 
steaks from the Sm beef muscles, hot boned, sliced, 
and placed in vacuum storage, was optimal after 
four days and after that was less intense (Spanier 
et al., 1997), the Sm steer muscles were more de-
sirable when muscles were cut from aged carcasses 
after four rather than after seven days p .m. (Parrish 
et al., 1969), but these results were not obtained 
from bulls. 
Some authors have shown a lack of significant 
differences in juiciness (Carmack et al., 1995) and 
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SF of (Hostetler et al., 1975; Fjelkner-Modig and 
Ruderus, 1983; Parrish et al., 1969) steaks from 
bulls' or steers' muscles after cutting and/ or ad-
ditional aging which agrees with results for juici-
ness and SF presented in Table 1. However, the 
others found more desirable juiciness of steaks 
from the Sm steer muscles after four rather than 
after seven days of carcass aging (Parrish et al., 
1969) and decrease of SF in steaks from the Sm bull 
muscles hot boned during vacuum storage up to 
15 days (Hertzman et al. , 1993; Olsson et al. , 1994) 
or from Sm beef muscles after 11 days of aging 
wholesale cuts (Smith et al., 1978). 
Insignificant changes in tenderness of steaks 
from the Sm muscles cut both 24 and 48 hours p.m. 
during aging (Table 1) are not consistent with re-
sults of Fjelkner-Modig and Ruderus (1983) who 
found an improvement in tenderness of steaks 
from the Sm bull muscles cut 48 hours p.m. dur-
ing vacuum aging and results of Parrish et al. (1969) 
who found that tenderness of steaks from the Sm 
steer muscles were more desirable after four rather 
than after seven days of carcass aging. 
Conclusions 
No influence was found for cutting time (24 and 
48 hours p.m.) of the Sm bull muscles and aging 
time (up 96 hours p .m.) on pH, cooking losses, 
dominant wavelength, color purity, firmness, and 
tenderness. Considering higher lightness after 48 
hours p .m. and lower SF after 48 and 72 hours p .m. 
for Sm muscles cut 24 hours p .m. than for those 
cut 72 hours p.m., it appears that muscles cut 24 
hours p.m. should be directed to the retail trade. 
In further processing, it is necessary to take into 
account that the Sm muscle had the highest WHC 
after 48 hours, when cut 24 hours p.m., and after 
72 and 96 hours p .m., when cut 48 hours p .m. 
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Abstract 
Strain of pigs, feeding program, animal age, and 
production environment had a significant influ-
ence on many biochemical properties on dry cured 
hams studied in this research. 
Introduction 
Meat from the Ibi rico breed of hogs presents dif-
ferent characteristics from commercial pork. The 
Ibi rico pigs are aged animals, always castrated, and 
grown under extensive production practices. The 
breed effect is considered to be very important by 
Spanish pig producers, who maintain their own 
breeding programs and register books (Dieguez 
Carbayo, 1992). Within the Ibirico breed, it is pos-
sible to distinguish many strains that present dif-
ferences in results of commercial cut yields 
(Aparicio Macarro, 1987). 
The Ibirico pigs are usually grown to a minimum 
of 12 to 18 months compared to commercial pork 
that is slaughtered at five to seven months. There-
fore, a specific effect due to age is present. As the 
animal gets older, there is an increase in oxidative 
metabolism in the muscle fibers, increasing the 
color of meat and the tendency toward "dark, firm, 
and dry" (DFD) muscle tissue (Lawrie, 1974). The 
* Collaborative research with the University of Cordoba, 
Cordoba, Spain. 
1 For more information, contact at: The Ohio State Univer-
sity, 15 Animal Science Building, 2029 Fyffe Road, 
Columbus, OH 43210, 614-292-4317, fax 614-292-2929, 
e-mail: ockerman.2@osu.edu 
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traditional production of this breed imposes cas-
tration which slows growth, reduces efficiency, and 
makes the carcasses fatter (Gerrard and Mallion, 
1977). Due to the normal exercise of these animals 
that are feed in fields, there is a higher vascular 
system development in their muscles, resulting in 
increased blood supply. 
Materials and Methods 
This study included a total of 699 animals from 
five different strains of the Ibirico breed, which 
were grouped into lots in montanera (mountain) 
areas. They were fed commercial feed (feed lot) or 
combined natural feed plus feed lot, slaughtered 
at different times (from 12 to 18 months of age), 
and grown in different environments (four differ-
ent farms, during a three-year span). 
Results and Discussion 
Meat samples taken from the Psoas muscle were 
analyzed for moisture, protein, fat, ash, phosphate, 
pH, NPN, total water-soluble proteins, total 
soluble pigments, CRA index (compression on fil-
ter paper method), and thiobarbituric acid (TBA) 
index. 
Strain had a significant effect on most of the 
studied parameters except for total fat, total phos-
phate, CRA index, and TBA index. Feeding type 
influenced all the studied parameters except total 
pigments. Age and production environment had 
a significant effect on all the studied parameters. 
The mean values of the studied parameters are 
shown in Table 1. 
1999 Research and Reviews 
References 
Aparicio Macarro, J. 1987. El Cerda Iberico. 
Sanchez Romero Carvajal Jabugo S.A. 
Dieguez Carbayo, E. 1992. Historia, evolucion 
y situacion actual del cerdo iberico. In: El Cerda 
Iberico, la Naturaleza, la Dehesa. Ed. MAPA, Madrid. 
Gerrard, F. and Mallion, F. J., Ed. 1977. The Com-
plete Book of Meat. Virtue, Surrey, U.K. 
Lawrie, R. A. 1974. Meat Science. 2nd Ed . 
Pergamon Press, New York. 
Table 1. Mean Values of Meat from the Iberico Pigs.1 
Moisture Protein Fat Ash Phosphate pH NPN Water Total CRA TBA 
(%) (%) (%) (%) (mg/g) (%) Soluble Pigments Index Index 
Proteins (OD) (1/S) (OD) 
(%) 
Number 699 699 699 699 699 699 699 699 699 699 699 
of 
Animals 
Mean 72.29 26.16 0.96 1.02 238 6.06 0.27 7.47 0.188 0.737 0.770 
SD 1.87 1.40 0.87 0.15 35 0.29 0.07 1.25 0.041 0.205 0.440 
1 NPN =Non-protein nitrogen, OD = optical density, CRA index= compression on filter paper 
method, TBA = thiobarbituric acid, and SD = standard deviation. 
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The Evaluation of the Palatability 
of a Dehydrated 
Meat Product-Meat Floss 
H. W Ockerman 1 and C. T. Li 
The Ohio State University Department of Animal Sciences 
Abstract 
A modified more rapid and less expensive pro-
cess was developed to produce a palatable and 
tender dehydrated pork item. This cooked prod-
uct will keep without refrigeration and will not 
drastically change with room-temperature storage. 
Due to the low moisture content, there were few 
microorganisms and mold growth, and this aided 
in extending the shelf life. A low-fat version was 
produced along with a more flavorful, higher fat 
version. This product could be used as a snack item 
or incorporated into other food items to add fla-
vor and increase the protein content. 
Introduction 
Meat is well known as an excellent protein and 
energy source for our daily diets and, after diges-
tion, provides excellent nutrition. However, meat 
can be very perishable due to its high moisture 
and protein contents, which may be utilized by 
microorganisms. The principle of extending the 
shelf life of meat products is to produce an unfa-
vorable environment for microorganisms to grow. 
Among many preservative methods, dehydration 
was probably one of the earliest and most effec-
tive methods that has been developed. 
In this project, a new type of oriental-style de-
hydrated meat product-meat floss, also called 
1 For more information, contact at: The Ohio State Univer-
sity, 15 Animal Science Building, 2029 Fyffe Road, 
Columbus, OH 43210, 614-292-4317, fax 614-292-2929, 
e-mail: ockerman.2@osu.edu 
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shredded pork (Chang and Huang, 1991), which 
possesses the advantages of long shelf life, desir-
able taste, safe ingredients, and low cost was evalu-
ated. Of all the oriental dehydrated meat products, 
shredded pork is probably the most important 
fresh meat substitute in areas of China where re-
frigeration is not available. Its amazing long shelf 
life at room-temperature storage and good nutri-
tional values have also brought great convenience 
to travelers and campers. It may also serve as a 
protein sustenance for the military, because it also 
has the advantages of being lightweight, easy-to-
pack, and ready-to-eat. It can also serve as a snack 
or combine with other foods as part of the daily 
diet for the general population. 
In this project, a less expensive meat source, the 
shoulder instead of traditionally used ham, and a 
new less labor-extensive processing technique with 
variable fat levels (2 and 12%) were compared with 
the time and labor-intensive traditional process-
ing method. Since little is known about this orien-
tal product, chemical analysis (fat, protein, and 
moisture), biochemical properties (pH and 
thiobarbituric acid [TBA]), microbiological assays 
(total plate count and mold growth), and sensory 
evaluation (color, meaty flavor, rancidity, texture, 
and overall acceptance) were conducted to inves-
tigate the potentials of this dehydrated meat prod-
uct. 
Experimental Design 
The experiment was designed as a 2 (fresh and 
frozen) x 2 (traditional and modified) x 2 (2% and 
12% lard) factorial. Boneless, skinless pork shoul-
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ders were obtained from a local supermarket in 
Columbus, Ohio. Eight approximately 5.4 pounds 
(2.45 kg) of boneless, skinless pork shoulders were 
prepared for trimming. All visible fat and connec-
tive tissue were carefully removed from the sur-
face and internal tissue. The trimmed lean pork 
was then prepared for either the traditional or the 
modified process. The procedure for traditional 
method included moist-cooking (100°C, 3-1I3 
hours), physical fiber separation, moisture evapo-
ration (100°C, 55 minutes), and stir-frying (60 to 
65 strokes/minute for 55 minutes). The modified 
procedure was autoclave (121°C, 15 psi, 30 min-
utes), physical fiber separation, moisture evapo-
ration (100°C, 55 minutes), stir-frying (60 to 65 
strokes I minute for 29 minutes) combined with 15 
minutes of hot-air drying, and then convection-
oven dried (93.3°C, 45 minutes). All samples were 
vacuum-packaged and stored in a dark room at 
room temperature (27 ± 2°C). 
Cooking yield, moisture, crude fat, and crude 
protein contents were established at week 0. Since 
the pH, TBA, and sensory evaluation (color, meaty 
flavor, rancidity, texture, and overall acceptance), 
total plate count, and mold count were measured 
at week 0, 1, 3, 5, and 7 of storage, the storage time 
also became an additional independent variable 
(the fourth main effect). 
Result and Discussion 
The results of all measurements are summarized 
in Table 1. For cooking yield and chemical analy-
sis, there was no significant three- or two-way in-
teraction between the main effects (P < 0.05). The 
results of cooking yield (%) are shown in Table 1. 
The 2% lard addition treatments ( 44.81 % ) are sig-
nificantly lower than those with 12% lard addi-
tion treatments (54.68%) at the 0.05 level. This sug-
gests that the level of lard addition plays an es-
sential role in the cooking yield. 
For moisture content analysis, the treatments 
with 12% of lard addition had a lower percentage 
of moisture content (3.47%) than those with 2% of 
lard addition (5.23% ). This was caused by the in-
creased level of lard (fat), which will alter the pro-
portions of other components (moisture, protein, 
and fat) in the meat products. In addition, it indi-
cates that temperature of raw material and cook-
ing method have no significant influence on the 
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moisture content of the meat floss. The same trends 
are shown in crude fat and crude protein (Table 
1). The pH values show little or no changes dur-
ing seven weeks of room temperature (27 ± 2°C) 
storage. It supports the hypothesis that meat floss 
is a very shelf-stable product. 
On the other hand, the data indicates that there 
are a few statistical differences between some of 
the three- or two-way treatments. However, these 
influences are very minor. The TBA value has been 
commonly considered as an index of lipid rancidi-
ty. Table 1 indicates that the TBA values slightly 
increased during storage (0.45 to 0.63 µg/ g). The 
oxygen in the vacuum-packed bags could have 
come from the slow rate of natural release from 
the internal air cells of the meat floss. As Ockerman 
(1985) indicated, a TBA number of 1.0 is consid-
ered as the threshold level for rancidity in pork by 
some processors. The results also suggest that a 
longer than seven weeks of product shelf life at 
room temperature (27 ± 2°C) storage may be ex-
pected. Color scores for all treatments were very 
consistent during the seven weeks of storage. 
Results indicate that the level of lard addition 
is the main effect that influences the meaty flavor 
(Table 1). The results were as expected, since fat is 
the main factor responsible for the volatile flavor 
compounds of meat products. Due to more macro-
molecules in meat products being degraded into 
smaller ones during storage, the trend of a slight 
increase in meaty flavor was noted. The slight in-
crease of the rancidity score during the seven 
weeks of storage may be caused by the same rea-
son described for the TBA values. There was no 
significant difference at the 0.05 level in the tex-
ture scores during storage. The panel's response 
to texture was "somewhat crispy." 
Overall acceptance indicates that three main 
factors, raw material temperature, lard addition, 
and storage time had no significant effect on the 
evaluation. However, a fourth main effect, the 
cooking method, showed that panels preferred the 
modified method (6 .00) over the traditional 
method (5.88), despite the fact there was only a 
slight difference between these two techniques. For 
microbial assays, the log10 TPC numbers were very 
low (2.01 to 2.18), which indicated that the num-
bers of microbial flora were lower than 200 / g, even 
after seven weeks. The results of log10 colony form-
ing units (CFU) mold count were very similar to 
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Table 1. Statistical Significance (P < 0.05) of Main Effects for Cooking Yield, Chemical Analy-
sis, pH, Thiobarbituric Acid (TBA) Values, Sensory Evaluation, and Microbial Assays. 
Treatment Raw Material Cooking Lard Storage 
(Main Temperature Method Addition Time 
Effects) 
Fresh Frozen Traditional Modified 2% 12% Week 
(4 ±2°C) (-18±2°C) 0 1 3 5 7 
Cooking 
Yield1,% 49.94• 49.54• 49.39• 50.09" 44.81" 54.68b NN 
Moisture1, 
% 4.37• 4.33a 4.35• 4_35a 5.23• 3.47b NA 
Crude 
Fat1, % 24.15• 24.07• 24.15• 24.06a 16.89• 31.33b NA 
Crude 
Protein!,% 38.71" 38.28• 38.50• 38.49• 42.90• 34.09b NA 
pH2 - - - - - - 6.33• 6.33• 6.36• 6.34• 6.33a 
TBA2,µg/g - - - - - - 0.45• 0.53b 0.54bc 0.56c 0.63d 
Color3 - - - - - - 4.55• 4.39• 4.29• 4.48• 4.44• 
Meaty 
Flavor3 5.51• 5.50a 5.46a 5.55• 5.32• 5.70b 5.48• 5.52• 5.37• 5.51• 5.86b 
Rancidity3 3.04• 3.18• 3.11" 3.10• 3.05• 3.16• 2.92• 3.01" 3.04ab 3.23ab 3.34b 
Texture3 - - - - - - 5.70• 5.73• 5.60• 5.72• 5.64a 
Overall 
Acceptance3 5.86• 6.02· 5.82• 6.07b 5.88• 6.oo· 5.88• 6.02· 5.93• 5.87• 6.oo· 
TPC4 - - - - - - 2.18• 2.04• 2.08" 2.12· 2.01· 
Mold Count4 - - - - - - o.oo· l.47b l.27b 0.81c 0.64c 
a,b,c, and d: Means with different superscripts in the same attribute row indicate the significant difference at the 0.05 
level (P < 0.05) - indicates three- or two-way interactions were involved; therefore, they are not applicable in this table. 
NI A indicates the main factor (storage time) is not applicable in three-way (Temperature x Cooking Method x Lard 
Addition) model. 
1 Indicates the cooking yield and chemical analysis were done at week 0. n = 48. 
2 Indicates pH and TBA were done at week 0, 1, 3, 5 and 7. n = 240. 
3 Indicates sensory evaluations were done at week 0, 1, 3, 5, and 7. Trained panel number= 10. n = 800. The 9-point scale 
of sensory panel scores for each attribute are: 1 = very light, bland or no, fluffi;, and dislike extremely; 5 = medium or 
moderate or neither like nor dislike; 9 = very dark, intense or pronounced, crispy, or like extremely. 
4 Indicates the microbial assays were done at week 0, 1, 3, 5, and 7. Total plate count (TPC) and mold count were expressed 
as log10 CFU I g. n = 960. 
5 NA =Not available. 
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the results in TPC; both indicated extremely low 
microbial growth. It indicates that the Log10 CPU I 
g for storage-time treatments were very low (0.00 
to 1.47), which means that the numbers of mold 
colonies were lower than 30 I g during the entire 
seven weeks of storage. It also indicates the unfa-
vorable growing environment (low moisture) is 
not suitable for bacteria or mold growth. 
Conclusion 
• Lard-addition level is the major factor that in-
fluenced the cooking yield, chemical analysis 
(moisture, crude fat, and crude protein), and meaty 
flavor. Raw material and processing method had 
no significant influence on the cooking yield and 
chemical analysis. 
• The pH, color, texture, and overall acceptance 
did not change during storage. 
• The TBA value and rancidity score were 
slightly increased by storage time but were not 
objectionable. Rancidity was not significantly 
affected by raw-material temperature or process-
ing technique. The relationship between TBA and 
rancidity scores is: 
\ = 0.3518 xj - 0.5508 I 
where X = rancidity scores, Y = TBA value, 
i =Week 0, 1, 3, 5, and 7 (R2 =0.87). 
• The numbers for TPC and mold counts are 
very low (TPC < 200; MC< 30) even after seven 
weeks of storage. 
The low level of microbial growth during stor-
age clearly indicated the long non-refrigerated 
shelf life. The sensory evaluation showed the po-
tential marketing of this product. Also this prod-
uct should be economical in cost since the raw 
materials were inexpensive, and lower-grade car-
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casses can be utilized; for example, even PSE meat 
or two-tone muscle is acceptable. It is expected that 
shredded pork can be a popular, long-term, com-
mercial meat snack or food additive. In the past, 
most oriental products were handmade; therefore, 
they were always very time- and labor-consum-
ing. With the designed modified process (modi-
fied autoclaving method) and the rapid advance 
of automation, meat floss can become a new prod-
uct. The modified method saved approximately 
one-half of the original processing time (five hours 
or longer). In addition, the difference between 
other factors (raw material temperature and lard 
addition) didn't seem to have much influence on 
most sensory attributes; therefore, it suggests that 
the manufacture of meat floss is very flexible in 
relation to raw material and ingredients utilized. 
With today's advanced machinery techniques, it 
can be predicted that automated processing can 
solve the equipment problem and make the com-
mercialized mass-production of the meat floss 
possible in the future. 
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A Review- of Listeria monocytogenes 
A Pathogen That Likes 
Refrigerated Tetnperatures 
H. W Ockerman 1 and L. Basu 
The Ohio State University Department of Animal Sciences 
Abstract 
The fact that Listeria monocytogenes can grow at 
refrigerated temperatures, which is often the tech-
nique that the meat industry uses to control patho-
gens, makes this microorganism a special problem 
for meat processors. Since this pathogen can be 
deadly and can cause abortions, it is receiving a 
lot of attention from a food-safety standpoint. For-
tunately, non-pregnant healthy adults are fairly 
resistant. Also, pasteurization and chemical addi-
tives are fairly effective at protection, but a rapid 
analytical technique for identification would be 
extremely helpful in combating this troublemaker 
for meat products. 
Review 
There are several types of Listeria spp., but the 
most pathogenic one is Listeria monocytogenes. 
Others include Listeria innocua, Listeria seeligeri, 
Listeria welshimeri, Listeria ivanovii, Listeria grayi, 
and Listeria murrayi. Listeria monocytogenes is re-
sponsible for 98% of the human listerosis cases 
identified. This organism was first described in 
1923, and the first human listeriosis was reported 
in 1929. This pathogen has been shown to be a 
problem in more than 50 mammal types, and the 
overall mortality rate can be from 10 to 70%. List-
eria may be found in decaying vegetation, soil, 
1 For more information, contact at: The Ohio State Univer-
sity, 15 Animal Science Building, 2029 Fyffe Road, 
Columbus, OH 43210, 614-292-4317, fax 614-292-2929, 
e-mail: ockerman.2@osu.edu 
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animal feces, sewage, silage, water, and contami-
nated food, including meat. It is obvious that this 
contamination can occur in most any food item 
and is particularly a problem with perishable 
items. Listeria spp. is fairly common in the house-
hold and can be found in 47% of household sup-
plies. Of this 47%, Listeria monocytogenes makes up 
about 41 % of this population. The highest percent-
age is found on dishcloths and wash-up brushes, 
and so these areas need special attention in the 
cleanup operation. Listeria is also moderately com-
mon in meat products, with about 0.5% beef jerky 
containing this microfile, about 1.3% large-diam-
eter cooked sausage may contain Listeria, 2.3% of 
cooked poultry, 2.8% of corned beef and cooked 
roast beef, 4.2% of small-diameter cooked sausage, 
and 6% of ham slices and luncheon meat. It is per-
tinent that we be aware that meat products can be 
a problem and that special precautions should be 
taken. 
Listeria monocytogenes is especially harmful to 
people with AIDS, alcoholism, diabetes, cardio-
vascular disease, renal transplants, and corticos-
teroid therapy. A major area of concern is abortion 
as fetuses are highly susceptible. Fortunately, non-
pregnant healthy adults are highly resistant. This 
translates into a variable dose rate to cause infec-
tion. Epidemiology data indicates that consump-
tion of fewer than a thousand total organisms in 
milk by susceptible people may cause the disease. 
However, a study with healthy primates indicates 
that consumption of as high as 100 million cells 
was required to cause the disease. USDA product 
recalls due to Listeria were one in 1997, five in 1998, 
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and nine in 1999, suggesting that this problem is 
not going away and, in fact, may be increasing. 
The Center For Disease Control has suggested that 
in 1996 for every 100,000 individuals, Listeria was 
responsible for 0.4 cases; in 1997, 0.5 cases; and in 
1998, 0.5 cases. In 1996-97 this resulted in 77 cases 
in the United States, with 15 deaths. Therefore, the 
problem can be serious, and special precautions 
should be taken. 
Listeria monocytogenes likes warm temperatures 
of about 50°F but can also survive and grow at re-
frigerated temperatures, which makes it a special 
problem. For example, at 40°F, the germination pe-
riod (time required to double in number) is ap-
proximately three days. At 32°F, the germination 
time would be 62 to 131 hours, and at 40°F, it has 
been estimated at 18 to 30 hours, all of which is a 
problem for products that are protected by refrig-
eration. 
Government tolerance levels permitted in food 
are as follows: For the United States, it is zero cells 
for sampling unit, and for Canada, the European 
community, and Australia, it is less than 100 units 
per gram. So in all cases, the permissible legal level 
is very, very low. How can the product be protected 
- by paying attention to raw materials, educat-
ing employees, cleaning floors and equipment 
properly, and handling cleanup equipment and 
material properly. 
Cooking is always a critical control point in the 
production of this type of product and particularly 
where Listeria is involved, but time and tempera-
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ture will be different for each individual product. 
Smokehouse and cook chambers should also 
receive special attention to make sure they are not 
a contaminating source. Cooking temperature to 
kill Listeria is 158°F for two minutes, and this will 
·destroy this pathogen. Frankfurters should be 
cooked to 160°F. This will result in a three-log re-
duction. Initial contamination as well as cooking 
temperature is important. 
Continuous training and monitoring is essen-
tial for all microbial problems. This should be con-
centrated particularly in the area of hygiene and 
product-handling procedures. Areas that need spe-
cial attention are personnel entrances, lift-truck 
entrances, and work areas around equipment. 
Equipment should also be designed so it is easy to 
maintain, clean, and sanitize and even non-food 
contact surfaces should receive special attention 
particularly if they are in the proximity of food 
contact surfaces which, are of course, absolutely 
critical from a sanitation perspective. Following 
appropriate pasteurization techniques along with 
using chemical additives are needed to help the 
food processor fight against Listeria monocytogenes. 
A more closed-system environment, with more au-
tomation and improved sanitation techniques, is 
very critical as is a rapid analytical tool for detect-
ing this microorganism in a short period of time. 
The meat industry has recognized the problem and 
is taking steps to make sure your meat supply is 
safe. Handling after it leaves the meat plant, how-
ever, is still an area that needs added emphasis. 
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Sotne Physicochetnical Changes 
in Catfish Muscle as Influenced 
by Egg White and Tutnbling 
H. W Ockerman 1 and H. Yetim 
The Ohio State University Department of Animal Sciences 
Abstract 
Egg white (1 % ) and intermittent tumbling (20 
minutes work and 40 minutes rest) (12 hours at 
6°C) positively influenced the physiochemical 
properties of fish muscle tissue when compared 
with non-treated tissue. Salt-soluble protein extrac-
tion allowed the production of a fish log out of 
fish pieces. With these treatments, little proteoly-
sis and a satisfactory flavor were noted and main-
tained during extended refrigerated storage. 
Introduction 
There have been a number of research projects 
in the fishery area investigating the effects of pro-
tein hydrolysis on the functionality of muscle 
foods, i.e., emulsion, gelling, and binding proper-
ties. For example, the quality of a cooked meat gel 
(kamaboko) is highly related to its elasticity, and 
if a poor elastic gel is produced, it often loses its 
commercial value due to the proteolysis taking 
place during cooking (Makinodan et al., 1985; Boye 
and Lanier, 1988). Unlike terrestrial animal tissue, 
fish muscle has remarkably high indigenous pro-
teases which immediately start to break down the 
proteins after the fish are harvested and during 
processing or improper handling, storage, and 
cooking (Aksnes, 1989; Morrissey et al., 1993). 
These proteases are active either at low or high 
1 For more information, contact at: The Ohio State 
University, 15 Animal Science Building, 2029 Fyffe Road, 
Columbus, OH 43210, 614-292-4317, fax 614-292-2929, 
e-mail: ockerman.2@osu.edu 
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temperatures and are responsible for flakiness, 
non-adhesive attributes, and weak gel-forming 
ability of fish muscle. Non-fish proteins or bind-
ers were incorporated to produce surimi-type fish 
products to improve gelling and binding prop-
erties. But little is known about the relationships 
between the physicochemical properties of non-
fish protein and the textural properties of restruc-
tured fish products (Aksnes, 1989; Chung and Lee, 
1990; and Yu, 1992). However, the literature on 
surimi and protein functionality contains many 
reports (Babbitt and Reppond, 1988; Hastings et al., 
1990; and Chan et al., 1992). The limitations for the 
use of various fish species for surimi production 
are usually due to higher proteolytic activity and 
the degradation of the proteins, resulting in a poor 
product. This problem has been illustrated for 
many fish species (1.2). It is reported that the in-
corporation of protease inhibitors such as egg 
white, wheat or potato starch, plasma hydrolysate, 
whey proteins, and soy protein isolate would be 
necessary to prevent proteolysis and maintain gel-
forming ability of surimi products. (Aksnes, 1989; 
Lee, 1986). 
The tumbling technique, which has been widely 
used in the red-meat industry, is a physical opera-
tion in which meat pieces are subjected to physi-
cal forces to improve quality characteristics by ac-
celerating the curing process. It relies on gravita-
tional impact and abrasion against other meat 
pieces to disrupt muscle fibers and extract the 
myofibrilar proteins that are necessary for bind-
ing meat sections together. Subsequently, molding 
or placing the meat fragments into a casing and 
cooking will produce the final tumbled and re-
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formed meat product (Yetim, 1993; Yetim and 
Ockerman, 1995). To satisfy the growing demand 
for processed seafood products (Chung and Lee, 
1990), new types of restructured fish products 
should be considered since there is currently very 
limited choice of these types of products. There is 
also minimal information on the indigenous pro-
teases and construction elements of restructured 
fish products and their cooking responses, and 
there has been no study regarding tumbling of fish 
muscle for reforming purposes. 
The objectives of this research were to evaluate 
physicochemical changes of fish muscle during 
processing, to monitor the activity of indigenous 
proteases (in situ), to observe the effects of a non-
fish protein incorporation and a tumbling tech-
nique on the water-holding properties and texture 
of fish muscle. 
Materials and Methods 
Fresh channel catfish fillets were first diced (ap-
proximately 3 x 3 x 2 cm), and subjected to the fol-
lowing: 1) nontumbled, no egg white added (con-
trol); 2) tumbled, no egg white added; 3) 
nontumbled, egg white added; and 4) tumbled, 
egg white added. The ingredients (2% salt, 1 % egg 
white powder [in egg-white batches], 1 % sucrose, 
0.5% white pepper, 0.1 % garlic, 0.25% sodium tri-
polyphosphate, 0.01 % nitrite, and 0.01 % natural 
lemon flavor) were added into the product on a 
fish weight basis, and the intermittent tumbling 
(20 minutes work, 40 minutes rest) was done for 
12 hours at 6°C on the tumbling batches while stor-
ing the nontumble batches in the same place for 
the same time. 
Degree of Proteolysis 
Degree of proteolysis was determined as de-
scribed by Aksnes (1988) with a slight modifica-
tion. The trichloroacetic acid (TCA) soluble nitro-
gen concentration was expressed as a percentage 
of the original nitrogen in the sample and was con-
sidered as degree of proteolysis. 
Effective Protein Hydrophobicity (EPH) 
The EPH values of the protein samples from the 
myofibrilar fraction of the fish muscle were mea-
sured by a heptane binding method based on the 
reports by Mohammadzadeh-k et al. (1969) and 
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Mangino et al. (1985) using a Hewlet-Packard 
5890A (Starrod A vend ale, Pa.) gas chromatograph 
(GC) equipped with a hydrogen-flame ionization 
detector. A standard curve was prepared using an 
undecane, n-heptane, and nonane solutions to 
compute the effective protein hydrophobicity val-
ues which were fully described by Yetim (1993). 
Expressible Moisture 
Expressible moisture was determined by quan-
tifying the amount of water expressed on three 
layers of filter paper (Whatman #1) upon compres-
sion by the Instron testing machine (Model 1000, 
Instron Co., Canton, Maine) as described by Lee 
and Chung (Lee and Chung, 1989). It was reported 
in percentage of total moisture. The total gel mois-
ture content of the sample was determined by the 
oven method (Ockerman, 1985). 
Total N and pH 
Total nitrogen was determined by kjeldahl pro-
cedure, and a pH meter (Radiometer, PHM 22 
Copenhagen, Denmark) was used for pH measure-
ments as described by Ockerman (1985). 
Experimental Procedure 
and Statistical Analysis 
Fresh (zero time) control and the four treatment 
groups were sampled after the tumbling process. 
The experiment consisted of a 1 + (2 x 2) factorial 
block design (fresh, tumbling, and egg white) with 
five replications. Differences and comparisons of 
treatment means and correlation were determined 
using the SAS program (SAS, 1985). 
Results and Discussion 
The changes in proteolysis, effective protein 
hydrophobicity (EPH), and expressible moisture 
(EM) values due to tumbling and egg-white in-
corporation are shown in Figures 1, 2, and 3. There 
were significant (P < 0.05) differences between 
fresh and processed samples in terms of proteoly-
sis, EPH, and EM. The tumbling did not make a 
significant difference; another statistical analysis 
was conducted by combining the related observa-
tions, where appropriate. The effects of either tum-
bling or egg-white addition on raw fish were ob-
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Proteolysis of Egg White Added and Tumbled 
Fish Muscle 
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Figure 1. Changes in the proteolysis(% Trichloroacetic 
acid-soluble nitrogen) with tumbling and egg white in 
fresh or processed fish muscle. Fresh: Zero Time 
Condition, CNT: Control-NonTumble, CT: Control-
Tumble, ENT: Egg White-NonTumble, ET: Egg White-
Tumble. a,b Means with the same letters are not 
significantly different (P > 0.05). 
The EPH in Egg White Added and Tumbled 
Fish Myofibrilar Proteins 
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Figure 2. Changes in degree of (EPH) effective protein 
hydrophobicity (mg heptane/g protein) of proteins with 
tumbling and egg white in fresh, or processed fish 
muscle. Fresh: Zero Time Condition, CNT: Control-
NonTumble, CT: Control-Tumble, ENT: Egg White-
NonTumble, ET: Egg White-Tumble. a,b,c,d,e Means with 
the same letters are not significantly different (P > 0.05). 
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% Expressible Moisture in Egg White 
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Figure 3. Changes in the amount (%) of expressible 
moisture with tumbling and egg white in processed fish 
muscle gels. Fresh: Zero Time Condition, CNT: Control-
NonTumble, CT: Control-Tumble, ENT: Egg White-
NonTumble, ET: Egg White-Tumble. a,bMeans with the 
same letters are not significantly different (P > 0.05). 
served. The results can be seen in detail in Table 1. 
The data presented in this table are the mean 
values of the selected parameters from pooled data 
of each treatment in which fresh (zero-time) ob-
servations are not included. Egg white had a 
significantly lowered proteolysis and EM while 
yielding higher EPH as compared to no-egg white 
added control groups. On the other hand, tumbling 
did not affect the degree of proteolysis, but it sig-
nificantly decreased EM and EPH values of the fish 
proteins . 
Proteolysis 
A slight but significant proteolysis took place 
in the control group during processing compared 
to the zero-time (fresh) analysis. Egg-white-added-
and-tumbled products had slightly lower proteoly-
sis value, but it was not significant. However, it 
can be stated that egg white plus tumbling action 
may have prevented further proteolysis in the fish 
product (Figure 1). Additionally, as can be seen in 
Table 1, egg-white-added samples had lower pro-
teolysis compared to the no-egg-white-containing 
samples. However, tumbling did not significantly 
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affect the rate of proteolysis though it showed a 
lower proteolysis value (Table 1 ). There are many 
reports that support this finding that egg white 
either prevents or reduces the proteolysis in fish 
muscle although no study was found with tum-
bling (Chung and Lee, 1990; Haga et al., 1980; 
Hamann et al., 1990). In general, all the treatments 
showed a fairly low proteolysis, which may have 
been affected by the salt content used in this ex-
periment. 
Inhibition of the proteolytic activity with high 
percentage of NaCl in fish muscle was reported 
by Noda et al. (1982). Also, it was determined that 
endogenous proteolytic enzymes were susceptible 
to NaCl (Fik et al., 1985). They reported that the 
inhibitory effect of NaCl on fish enzymes increased 
with increasing NaCl concentration, but this ef-
fect decreased with increasing hydrolysis time. 
Table 1. The Influence of Egg White (EW) 
on Proteolysis, Effective Protein Hydro-
phobicity (EPH), and Expressible Moisture 
(EM) of Processed Fish Muscle. 
Parameter1 No-EW ±SE6 EW ±sE 
Added Added 
Proteolysis3 0.258• 0.004 0.250b 0.003 
EPH4 77.295b 2.277 89.920• 1.734 
EM5 4.260• 0.219 3.896b 0.207 
Parameter2 Non-
Tumble ±SE Tumble ±SE 
Proteolysis3 0.256 0.003 0.251 0.004 
EPH4 88.915° 2.114 78.300b 2.657 
EM5 4.332• 0.208 3.733b 0.209 
I Tumbling data were combined. 
2 Egg-white data were combined. 
3 % Trichloroacetic acid soluble nitrogen. 
4 Effective protein hydrophobicity by heptane binding 
(mg heptane / g protein). 
5 % Expressible moisture in muscle gel. 
6 SE = Standard Error. 
a,b Means with the same superscript letters in a row are 
not signicantly different (P > 0.05). 
In this experiment, 1.0% egg white reduced the 
proteolytic activity during processing (Table 1 and 
Figure 1), although there was a relatively small 
amount of proteolysis. However, Haga et al . (1980) 
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reported that the use of 3.0% dried egg white re-
duced the proteolysis and would improve the gel 
strength of surimi made from Pacific whiting. Like-
wise, Chung and Lee (1990) observed the 
superiority of 3.0% egg white to improve the tex-
tural and functional properties of whiting surimi 
over equal levels of some other protein concen-
trates. At 2.0% addition of egg-white proteins, gel 
strength of the fish muscle was significantly in-
creased, and it was also postulated that using a 
protease inhibitor would be necessary to improve 
textural quality of some fish products (24). 
Effective Protein Hydrophobicity (EPH) 
There were very significant alterations in the 
EPH caused by the treatments compared to fresh 
fish. The EPH was significantly increased with egg 
white compared to fresh or the other control group. 
However, EPH was significantly reduced by the 
tumbling process, which included either tumbling 
alone or tumbling plus egg-white treatment (Table 
1 and Figure 2). This result was interesting because 
the influence of tumbling on EPH was in the nega-
tive direction compared to the egg-white treat-
ment, which was a positive influence. Li-Chan et al. 
(1987) reported that unheated cod-fish muscle 
samples had the highest protein hydrophobicity, 
but showed relatively low gel strength compared 
to other species. It has been postulated that in-
creased hydrophobicity is generally related to the 
amount of exposed hydrophobic groups of the 
proteins in the food systems (LeBlane and LeBlane, 
1992). Also, there was a significant positive corre-
lation between pH and EPH. Increasing the pH of 
the product yielded more protein hydrophobicity, 
which is thought to be related to a number of other 
functional properties of food proteins (LeBlane and 
LeBlane, 1992; Kato and Hakai, 1980). 
Expressible Moisture (EM) 
As shown in Figure 3, a significantly low EM 
was observed in the egg-white-added-plus-
tumbled treatment when compared to fresh and 
control groups, but there were no significant dif-
ferences between the control and other treatments 
for EM. That is, egg white did not significantly 
reduce expressible moisture although the percent 
value was lower. However, pooled data in Table 1 
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showed that EM was lowered with either egg 
white or tumbling, although the only significance 
was found with tumbling plus egg white with 
unpooled data (Figure 3). Similar results for EM 
were also reported by Chung and Lee (1990); how-
ever, the compressive force of the surimi gel 
samples was significantly increased with egg-
white addition. A negative significant correlation 
was noted between pH and EM; this result would 
be expected because of the relation between the 
isoelectric pH of muscle proteins and water-hold-
ing capacity (Ockerman, 1983). 
Conclusions 
Results indicate that either the separate or the 
combination of egg-white addition and tumbling 
significantly altered physicochemical properties of 
fish-muscle tissue studied in this experiment. Egg-
white incorporation increased effective protein 
hydrophobicity and decreased proteolysis and 
expressible moisture. Tumbling, on the other hand, 
decreased proteolysis, EM, and EPH as compared 
to the nontumbled control groups. Egg white plus 
tumbling had also a reducing effect on proteolysis 
and EM in the processed fish muscle. In general, 
all treatments resulted in a fairly low proteolysis 
which may be due to the salt content which has 
reportedly caused a reducing effect on proteolytic 
activity in fish muscle. The tumbling action and 
egg-white addition significantly influenced effec-
tive hydrophobicity. It is interesting that the influ-
ence of tumbling on EPH was in the negative di-
rection, while egg white showed the reverse out-
come. Also, increasing the pH of the product in-
creased protein hydrophobicity, which will affect 
the protein functionality. A significant positive 
correlation (0.79) occurred between pH and EPH 
while a significant negative correlation 
(-0.59) was noted between pH and EM. Therefore, 
it might be suggested that tumbling and egg-white 
addition may be utilized to increase the functional 
properties of fish proteins during processing. 
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